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TRANSLATOR'S  PREFACE. 


1  \tv.  lii^b  rcputt*  iu  wliicli  the  Autlioroflhc  fotlowini^ 
Work  is  belli  as  «n  Analyst,  renders  it  altogetlier 
unnecessary  for  mc  to  offer  any  apology  for  the  pub- 
licfition  of  this  Translation.  As  the  English  chemist 
possesses  at  present  no  competent  literary  instructor 
Iu  guide  hini  in  his  analytical  researches,  it  may  be 
presumed  that  a  Work,  emanating  from  the  Bbrlin 
School,  uud  sanctioned  by  the  name  of  Rose,  will 
not  be  looked  upon  with  indifference. 

I  have  taken  the  utmost  pains  to  ensure  the  accu- 
racy of  the  Translation ;  hut  since  perfect  correctness 
IK  unattainable,  it  is  possible  that  the  reader  may  still 
Bometimes  find  occasion  to  censure  mo  for  want  of 
perspicuity.  1  trust,  however,  that  this  will  not  ol\cu 
be  the  case. 

The  original  Work  ( Hantflmefi  tier  analytische» 
C/icmie  COM  Heinrich  Rosr,  Berlin)  has  been  pul>- 
lished  about  a  year.  I  was  in  Germany  at  the 
time  of  its  ap|>earance,  and  commenced  the  transla- 
tion immediately.  My  work  has  been  ready  for 
publication  aome  lime;  but  having,  since  my  return 
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to  Cng'tiuu),  received  a  quantity  of  additional  matfer 
from  Mr.  Rose,  1  have  translated  and  incorporated  it 
ill  the  seveutb  section  of  the  First  Part.  Tliis  original 
matter  was  of  considerable  importance,  comprehend- 
ing not  only  a  number  of  complete  articles,  but  all 
that  relates  to  the  influence  of  organic  .substances 
upon  the  action  of  the  diflcrent  reagents.  I  take  this 
opportunity  «f  thanVing  Mk.  Rose  for  the  polite- 
ness which  hau  aäbrded  nie  the  means  of  giving  this 
additional  value  to  the  fulluwing  pages. 

With  a  view  to  facilitate  reference,  I  have  put 
head-lines  to  the  pages ;  and  have  prefixed  a  short 
explanatory  title  to  most  of  the  paragraphs  in  Part  II. 
These  titles  do  not  exist  in  the  original  Work,  but  I 
think  they  will  bo  found  useful.  In  some  cases  they 
do  not  describe  the  subject  of  the  paragraphs  with 
nuich  precision;  yet  more  precise  titles  would  often 
have  required  a  much  greater  number  of  words  for 
their  expression,  and  the  present  titles  are  sufficiently 
definite  for  most  practical  purposes. 

In  ever}'  other  respect,  the  Translation  is  equiva- 
lent to  the  original  Work.  I  have  neither  abridged 
nor  enlarged  it;  not  perceiving  any  thing  that  could 
be  spared,  nor  caring  to  trouble  the  reader  with  que.<i- 
tionablr  iuiprovcuieiits.  It  is  to  be  regretted  that 
translators  often  permit  themselves  to  be  too  much 
influenced  by  a  xeal  for  reformation,  and  are  conse- 
quently led  to  make  additions  and  alterations  where 
both  are  unnecessary.  There  be  translations  in 
which  the  Text  ^'hidcti  ils  diminished  head'*  under 
the  accumulated  illustrations  of  the  translator. 
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The  Nomenclature  of  Beb7«lil'8,  employed  by 
Rose  in  tlie  origin»!  Work,  roiild  not  be  t-mployed 
by  ine  wJtb  propriety.  The  tlicorotical  idens  of  Ber- 
ZKLivs  are  far  from  being  so  generally  knonn  in  this 
country  as  tbey  deserve  to  be,  and  wherever  his 
System  is  unknown,  his  names  are  unintelligible.  I 
cotild  have  translated  Chlorumawttium  by  Chloride, 
of  Ammonium,  but  in  that  case,  though  the  words 
would  have  been  English,  the  sense  would  not;  for 
it  is  by  no  means  a  common  opinion  among  chemicul 
students  in  England,  that  Chloride  of'  AmmontHtn  is 
synonymous  with  Muriate  »J'AmmoHm.  The  learned, 
indeed,  would  hare  understood  the  term,  but  I  wish 
this  book  to  have  a  wider  sphere  of  action  than  that 
aflbrded  by  the  closets  of  Professors.  I  have  there- 
fore rejected  the  Nomenclature  of  Berzelins,  and 
employed  the  tenns  which  are  best  understood  among 
ourselves. 

For  nearly  thirty  years,  scarcely  a  single  German 
Chemical  Work  has  been  translated  into  English. 
I  am  quite  unable  to  account  for  this  circumstance. 
During  the  above  period,  the  Savtws  of  Germany 
Imve  labouretl  with  au  industry'  and  success,  not  at 
all  surpassed,  if  even  equalled,  by  that  of  the  seien- 
ti6c  men  of  Britain ;  and  I  could  point  out  a  variety 
of  works,  translations  of  which  would  form  useful 
additions  to  our  scientific  literature.  In  Mineralogy, 
we  have  no  work  which  is  equal  to  the  Oryklvgnosie 
of  I^EONHARp;  in  Ptmnnacy,  none  (hat  comes  np  to 
the  Pkannacie  of  Grigbr;  and  I  will  venture  to 
ullirm  that  the   hcftrbuch  tier  Chemie  of  Bgrzbi.ius, 
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and  the  Hatidlmch  of  Lropold  Gmei-in  arc  imeqiialled, 
both  for  quiiiitity  and  qualitv  of  information,  by  any 
other  chemical  systems  in  existence.  Yet  these  works 
are  utterly  disregarded  by  the  majority  of  the  chcaiists 
of  this  countrj'.  Without  presuming  to  speculate  on 
the  causes  of  this  apathy,  I  may  iudulge  the  hope 
that  it  will  speedily  pass  away  and  be  succeedetl  by 
Ö  better  spirit.  Should  the  specimen  of  German 
science  which  I  have  the  pleasure  of  introducing  to 
British  chemists,  have  the  effect  of  turning  their 
attention  to  the  literature  of  the  country-  whence 
it  is  derived,  (he  circumstance  will  afTord  me  much 
gratificatiou. 


liOitnüN.  Jakuary,  1831. 


AUTHOR'S  PREFACE. 


So  different  are  tlie  claims  which  cau  be  made  on  a 
Manual  op  ANALYTiCAb  Chbuistrt,  that  it  appeared 
to  me  to  he  difficult,  iu  the  cxecutiou  of  such  a 
Work,  to  answer  tbem  all.  I  contented  myself, 
therefore,  with  iiiukiu^  it  my  principal  aim  to  com- 
pose the  Work  in  such  a  manner  that  those  pos- 
sessing sufficient  knowledge  of  chemistry  might 
employ  it  afi  a  guide  in  analytical  inquiries. 


The  First  Part  contains  instructions  on  qualitative 
chemical  exanunations.  I  have  treated  tlierein  of 
tlip  detection  of  those  substances  only  which  occur 
most  frequently.  1  have  restricted  myself  thus,  not 
only  because  these  substances  arc  of  greater  interest 
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thai)  those  which  seUloiiier  occur,  but  especially 
because  the  description  of  the  analyses  would  have 
been  rendered  too  diilicult  to  follow^  had  I  started 
with  the  supposition  that  the  compounds  to  be 
examined  could  contain  all  possible  constituents. 
The  behaviour  of  rare  substances  with  reagents  is 
described  in  the  systems  of  chemistry,  among  others, 
in  the  system  published  by  Berzeuus.  Every  one, 
tlierefore,  who  is  sufficiently  exercised  in  the  quali- 
tative examination  of  the  substances  which  conimotily 
occur,  will  experience  no  diiÜculty  in  detecting  those 
which  seldonier  occur,  providing  his  inquiries  are 
directed  by  the  information  Ibus  obtained. 


ffbc  Second  Part  contains  instructions  for  quanti- 
tative analysis.  To  every  simple  substance,  oxygen 
excepted,  a  distinct  section  is  allotted.  In  each 
section,  I  first  describe  the  quantitative  determina- 
tion of  the  simple  substance  and  its  compounds  with 
oxygen :  [  then  treat  of  the  .separation  of  this  sub- 
stance or  its  oxides  from  lliose  which  are  treated  of 
in  evenr"  preceding  .section.  In  the  beginning,  come 
the  simple  bodies  which,  combined  with  oxygen, 
constitute  Imsfs ;  then  follow  the  bodies  whose  com- 
pounds [mssess  acta  properties.  This  order  appeared 
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to  me  to  be  tbe  most  advisable,  since  it  permits  one 
to  tntcf",  without  much  difficulty,  the  particular  steps 
of  a  process  chosen  for  any  quantitative  analysis 
which  may  be  presented.  Only  in  a  (ew  places,  and 
theu  but  to  avoid  repetition,  have  I  departed  from 
this  arrangement.  By  following  this  plan,  it  has 
been  rendered  possible  to  treat  of  the  siliceous 
substances  which  occur  in  nature  under  silica,  of  the 
simple  and  Compound,  factitious  or  native  siilphiirets 
ander  sulphur,  and  of  nearly  all  the  gases  under 
hydrogen. 

Tn  order  still  farther  to   facilitate  reference,  an 
Index  has  been  added  to  tlie  Work. 

The  description  of  tbe  practical  contrivances  em- 
ployed ill  Analytical  Chemistry,  is  almost  entirely 
passed  over.  For  the  introduction  of  most  of  tliese 
contrivances,  and  for  the  greatest  improvements  they 
have  received,  we  are  indebted  to  Berzelius.  He 
has  accurately  described  them  in  the  Fourth  Fart  of 
his  System  of  Chemistry,  with  tbe  translation  of 
which  (into  German)  Professor  Wohlrr  is  now 
occupied.  It  appeared  to  me,  therefore,  to  be 
unnecessary  to  describe  them  in  this  Mancai..    In 
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a  few  places  only  have  I  depicted  by  wood  cuts  some 
apparatus  employed  in  quantitatire  analyses. 

The  chemical  Nomenclature  is  precisely  the  same 
as  that  employed  by  Bbrzelidb  in  his  System  of 
Chemistry. 

Bebun,  Auodst,  1829. 
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for  detecting  the  chemical  constituents  of  either 
simple  or  mixed  compounds.  These  sections 
teach  the  qualitative  examination  of  inorganic 
substances,  whose  constituents  are  unknown,  but 
are  not  such  as  very  seldom  occur.  The  instruc- 
tions given  in  the  latter  sections  suppose  the 
operator  to  be  acquainted  with  the  analyses 
described  in  the  first  three  sections. — The  seventh 
section  relates  to  the  behaviour  of  the  most 
important  chemical  substances  towards  reagents. 
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SECTION 

V 

JmHrvctiiftu  Jbr   the   ijtuditatirr    emminatioH    of.  eompoiinits              ^M 

which  are  tiJsbh  in  water,  anil  trhich  consist  otili/  uf  a  Base              | 

rinnbiaed  tcitk  an  Aciii, 

or  of  a  Metai  camhinetl  tcith  a  Nfta-              ^| 

mrlaÜK  Inniff ;   t/ie  cvnstitucnts 

of  such   comvoiuuiii   beitta        ^^^H 

among  the  tvh*lanees  in 

the  foliotfiing  list.                                    ^^^M 

15  AS  IS. 

1 

1.  PiMiish. 

14. 

Peroxide  of  Iron.                      ^| 

2.  fäuda. 

ir>. 

Oxittc  ufCadniiiini,              ^^^^ 

3.  Aininonia. 

l(i. 

Protoxide  of  Lt-ud.              ^^H 

4.  Baryies. 

17. 

Oxid?  ttl'Bi.tnnitli.                ^^H 

5.  Sttttntian. 

18. 

Deutoxide  of  Copper,          ^^^| 

Q.  lame. 

10. 

Oxide  of  Silver.                     ^^^| 

7.  Miigm-AiM. 

20. 

Protoxide  of  Mercury.         ^^^| 

8.  Alumina. 

21. 

IVroxidc  of  Mcrcurj.          ^^^| 

9.  FnitovidenfMangan 

CSC.     ?*.^    Oxide  of  Gold,                      ^^| 

10.  OvidfofZiiic. 

23. 

Protoxide  of  Till.                    ^^M 

11.  Oxide  of  CobalL 

24. 

Peroxide  of  Tin.                        H 

12.  Oxide  of  Nickel. 

35.  Protoxide  of  Antimony.            ^ 

13.  l*rotoxide  of  Iron. 

^H 

ACIUS  ANU  NON-JMKTALLIC  HUDIKK.                               ^^^| 

1.  Sulphiirir  Acid. 

4. 

Arsenic  .\cid.                        ^^^| 

'2.  N'ilrii:  Acid. 

5.                                                ^^ 

itoruric  Acid.                          ^^^H 

y.  Pliosphoric  Acid. 

6b  Carbonic  Acid ;                      ^^H 

or,  the  compound,  instead  of  an  acid,  conlain^                         ^^H 

7.  Chlorine    i         t-      , 

8.  FlHorinr  ^°"t>'"<=^ 
a  Sulpbur    )     ^'^ 

with  a  metal  of  ihc  above-nained            H 
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L   Course  oj'  the  Aiuiltfsis,  to  discovrr  the  Base  or  the  Metal. 

Ä.  Tho  concentrated  solution,  in  water,  of  the  substance 
to  1>e  cxnminefl,  is  iiiadu  ftoraewhat  acid.  'l*bis  is  bt-st 
cffrctpd  by  a  Ivw  drops  of  muriatic  acid,  excepting  oxide 
of  silver,  protoxidr  of  mcrniry,  or  even  a  lurjEc  quantity  of 
pnttoxide  of  lead  be  prirstnit;  in  the«;  ca»-»,  acelii;  arid 
or  diluted  nitric  acid  mu.st  be  ctuploye<l.  The  presence  of 
the  above  oxides  is  known,  when  the  addition  tif  muriatic 
acid  to  the  solution,  producer  a  Mhite  precipitate.  So  much 
liquid  sulphuretted  hydrogen  (which  must  Ite  fully  »itu- 
ralcd  nith  »ulphuretJcd  hydrogen  gas)  is  ne\t  addeil,  as  is 
suflicieni  to  cause  the  liquor  to  »uiidl  diäliiiclly  olMilphti- 
rctted  hydrogen.  If  no  precipitate  is  thereby  produced, 
the  base  is  one  of  those  from  No.  1  to  No.  13;  but  if  a 
precipitate  appears,  the  base  beloiips  to  those  from  Xo.  14 
(o  No.  Ü.J.  Of  counte,  then,  it  is  cither  pcnixidc  «f  iron. 
Oxide  of  «idniiuui,  protoudc  of  lead,  oxidi?  of  bismuth, 
deittoxide  of  copiwr,  oxide  of  silver,  protoxide  of  mercury, 
perux.ide  of  mercury,  oxide  of  f;old,  ]imlo\ide  of  tin,  jier- 
oxide  of  tin,  or  protoxide  of  antimony. 

If  iJic  precipitate  formed  by  tbe  liquid  sulphuretted 
hydrogen  is  black,  then  the  bu.sc  is  one  of  Ihow  from 
No.  IC  to  No.  Sy.  It  is  consequently  either  protoxide 
of  lead,  oxide  of  biNniulh,  deutoxide  of  cop])er,  oxide 
of  silver,  protoxide  of  mercury,  peroxide  of  mercury,  or 
oxide  of  fold.  These  ba.tes  are  discriniinaied  by  tbe 
following  experiments: 

To  a  small  quantity  of  the  dissolved  compound,  am- 
monia iü  added.  If  the  .liolution  ucquiro»:  an  intense 
blue  colour,  and  no  precipitate,  insoluble  in  excess  of 
ammonia,  is  formed,  the  base  is  dcutuxide  of  cupper. 

A  portion  of  the  very  ctmrentnited  solution  nf  the 
compound  i^  diluted  wiUi  a  large  quantity  of  water. 
If  a  milkiness  is  o<:casioned,  the  base  i»  oxido  of 
bismuth. 

To  a  pjjriiou  of  the  solution,  the  operator  adds  a 
drop,  or  a  tew  drops,  of  muriatic  acid.  If  this  pro- 
duces it  while  precipitate,  which  remains  insoluble 


SALTS  WHICH  PISSOLVK  IN  WATER.  7 

when  tlip  solution  w  dilulrd  with  a  larpe  quantity  of 
water,  the  base  is  cither  oxide  of  silver  or  protoxide  of 
roenurj.  These  two  bases  are  distin^ished  by  the 
following  e^pprimenis: 

To  n  {Mirtiim  ol'  ihe  solution  of  the  rompound,  the 
operator  add»  one  dFO|>,  or  al  most  a  few  drops,  of 
causlic  atiiuioma.  If  this  proditcr.'«  tin  iiilcnscljr 
black  precipitatt-,  which  redisiolvcs  in  no  excess  of 
ammoni«,  but  is  menly  rendered  less  btuck  thereby ; 
or  if,  when  tlie  ^ohttlon  is  very  acid,  the  addition  of 
ammoniH  prodiu'e.s  a  irrry  pn'cipiuite,  not  M>Iublt  in 
an  excess  of  amnionia,  then  the  bas«  is  protoxide  of 
mert-ury. 

If,  however,  one  drop,  or  at  moal  a  few  drops, 
of  canHtic  ammonia  pi-oducc  a  brown  precipitate« 
which,  on  the  addition  of  a  {greater  quantity  of 
ammonia,  immediately  disappears,  or  if,  whi-n  the 
solution  is  »rid,  no  precipitate  is  produced  by  am- 
monia, then  the  base  is  oxide  of  silver. 
To  a  portion  of  the  solution,  Ihe  o|icrator  adds  a 
solution  of  caustic  poiaidi  in  exces».  If  a  ytrllow  pre- 
cipitate is  produced,  the  base  is  peroxide  of  mercury. 

To  a  portion  of  the  solution,  a  solution  ofprotosul- 
pbatc  of  iron  is  added.  If  a  brown  precipitate  is 
fonned,  uhich,  on  its  deposition,  proves  to  be  metallic 
f^'old,  the  base  is  oxide  of  ^Id. 

Tfar  operator  adds  to  the  dissolved  romponnd  a 
little  diluted  sulphuric  acid  or  the  solution  uf  a  sul- 
phate. If  a  tihite  precipitate  is  produced,  tltc  has«-  is 
protoxide  of  lead. 

If  the  precipitate  formed  by  the  liquid  sulpbL-retted 
hydrafc«D  is  milk-whiiv,  the  base  itt  |)cruxide  of  iron. 

If  the  precipitate  formed  by  the  liquid  sulphuretted 
hydrogen  is  yellow,  the  base  is  either  |H■^o^ide  of  tin,  or 
oxide  Iff  cadmium.  These  two  bases  are  dislin^iished 
from  each  other  by  the  folloivinj experiments: 

Hydro.sulphuret  of  ammonia  is  added  to  a  portion 
of  the  solution.  If  the  solution  w  acid,  it  must  previ- 
ously be  neatrallscd  by  ammonia.     Thn  production  of 
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a  yfllow  pre>(-i])itate,  nnt  s«liihle  in  an  cxce.«  of  the 
prcripitant,  is  an  iiidication  of  oxide  of  rnHoiitim. 

ir  tbe  addition  of  hydroKulphiirel  of  auunoiiia  to  a 
portiou  of  the  solution  previously  ncntralir^d  liy  aiii- 
raonia,  produces  a  yollovv  pri_-cipitate  whirh  in  «aKily 
ÜLssolvrd  iiy  an  txitkm  of  liydrosulphurct  of  ammouiar 
tlirn  the  Ihinc  iü  prnixidc  of  tin. 

ir  tlie  pn^ripitatc  pniiliirtMl  by  the  litpiid  ^ulphuri-tted 
liydnigen  i»  dar)^  lirowii,  Ü\e  huMi  in  protux.id(.-  ul*  tiu. 

If  tlio  preeipitatv  produced  by  the  liquid  sulpburettecl 
hydnipea  is  orangu  red,  the  base  is  protoxide  of  anti- 
mony. 

B.  Ifthc  acid  solution  of  tlir  «ubstan«;  undtrr  examina- 
tion give»  no  prwipitate  w  i(b  li(piid  sulphuretted  liydroirt-n, 
Ibo  base  is  not  one  of  ibose  from  >>o.  14  to  i\o.  ^■'j.  iu  ttiis 
ca^e,  liydni.sidphuret  of  ammonia  la  add^l  tu  a  neutral 
solulinn  of  tlir  compound.  (H'lien  (lie  xnlulion  is  acid,  it 
ruusi  previously  Ik-  lunitrdlised  by  aiuuionia.}  If  a  preci- 
pitate is  thereby  produced,  the  base  is  one  of  those  from 
No.  8  to  No.  13,  and  does  not  bcloiiü  to  lluwc  from  Xo.  1 
to  \o.  7.  CoiiKe(|iieiiily,  it  \>t  either  iihimiiia,  ]>ruto\ido  of 
manijanese,  oxide  of  xiuc,  oxide  of  cobalt,  oxide  of  nickel, 
or  protoxide  of  iron. 

If  the  precipitate  prodm-td  by  tlie  hydronutphurrt  of 
ammonia  is  black,  the  base  is  one  of  those  from  No.  11 
lo  No.  ly.  These  iJirw-  liases,  oxide  of  cobalt,  oxide  of 
mckel,  and  protoxide  of  iron,  are  distiii^iinhed  from  one 
another  by  the  followiuLT  exi>erinient: 

To  a  portion  of  tlitr  solution,  a  solution  of  cartonatc 
of  potash  or  soda  is  added.  Ifthc  precipitate'  thereby 
produced  is  tirütMliite,  then  <!;roen,and  linally  brouniKh 
red  at  the  surface,  the  base  is  protoxide  «f  iron. — If  it 
is  dirty  red,  the  base  is  oxide  of  ailialt. — If  it  is  bright 
lireen,  the  base  is  oxide  of  nirkel. 
If  tlie  precipitate  formed  by  the  hydroiiulphuret  of 
amraoiiin  with  the  di<u»>lved  compound,  i»  llesh  red,  (he 
base  is  protoxide  of  mausanese. 

If,  oil  llic  luntrnry,  the  precipitate  is  «hite,  the  ba80 
iff  either  oxide  of  uqi-  or  alumina.    These  two  liases  arc 
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tlisUn^MjUbcd  from  one  »nothcrby  tlir  I'nllnwingrxpcri- 
mcnld: 

Tn  a  portiDD  of  (be  soliitioo,  caustic  ammonia  is 
added.  If  n  whit*,'  prcripitatp  is  imwhuf  J,  which  dis- 
appears on  tlie  aildilion  ol'  hu  excess  uf  aiutiiunia,  Üw 
bum»  of  the  salt  is  oxiJe  of  xinc. 

If  the  |in-ripiliLte  tiu'reby  prtxluccd,  \n  iosolublr  id 
au  exc&is  ofaiiiiuiuiia,  tbc  buM*  i^  alumina. 
G.  If  neither  tbo  acidulated  solution  of  the  substance 
under  exMiiiiimlimi  afTunlit  a  preripitalt.'  Mriili  liquid  suU 
phurcltDd  hydnit^ru,  nur  the  neutral  soluliun  uiih  liydro- 
»ulpliHivtuf  aiumoiiia.  t>)e  baitc  docs  not  appertain  to  tboee 
I'ruiu  No  8.  lo  No,  -^5,  bnt  In  ihose  fnim  No.  1  to  No.  7. 
It  is  <:t)titie(|i]i>titly  {H>t»«h,  soda,  ammonia,  l>ar>-lOJi,  KtroD- 
tian,  limp,  or  mnffoesia.— To  a  portion  of  the  nputraJ  sola- 
linn  of  the  rompoand  a  »diition  nf  rarbonatr  of  pntaxh  is 
iuldrd.  If  ;i  while  pr(f('i|>ilHlc  is  produced,  the  bu^ie  is  une 
of  tlioüc  frun)  No.  4.  to  No.  7,  and  doi-a  not  belong  to  cbiMC 
fnttu  No.  1  U)  No.:). 

To  didtinguiHh  from  one  another  the  four  bases,  from 
No,  4  to  No.  7, — ImrjU'H,  sironlian,  lime,  and  niai,niesia, 
— caustic  ammonia  is  added  to  the  neutral  sohitiou.  The 
production  of  a  while  and  llocculent  precipitate  indi- 
cates ma^esia.  It  is  neccJisary  tn  observe  here,  lluit  if 
tlie  solulion,  in^itead  of  l>ein);  neutral,  is  acid,  ammonia 
produce»!  no  precipitate,  even  if  m:i|niesia  be  prcMcnt. 
To  disiini^iisli  from  one  another  the  thr(^>e  buses 
which  are  not  precipitated  from  the  neutral  M)lulion 
by  ummunia  (barytes,  sironlian,  and  time),  hy<lronno- 
fiilicic  acid  !:<  added  to  the  solutiou  of  tlie  .salt.  If, 
after  80D1C  (iroc,  a  prccipilutc  i«  formed,  the  base  is 
buryles.  If  no  precipitate  appears,  the  base  is  lime  nr 
strontian. 

To  dislinjnii.tli  liclwi-en  these  two  bases,  lime  and 
stronlian,  a  portion  of  tbc  solution  in  diluted  with  a 
larjre  quantity  of  water,  and  is  tctled  with  somedraps 
«f  a  solution  of  sulphate  of  potash,  or  »  liltU-  very 
«Ulute  sulphuric  acid.  If  a  precipitate  is  immedi- 
ately produced,  tbe  bttse  is  stcontiun.    If  no  imme- 
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dial«  preci)>itaie  is  prodnccd,  but  if,  after  Home 
time,  there  appears  a  crystalline  prcripitate,  the 
base  is  lime. 

D.  If  neither  the  acidulated  solution  of  the  substance 
under  rxamiiinlion  jtiws  a  pm'ipitaio  ivitJi  liquid  »ul- 
phiirrttiTl  hydro^rn,  nor  the  neutral  Hohitiim  with  bydru- 
fiulpliun^t  of  uniniDuia  or  with  carbonate  of  potash,  the 
base  does  not  app<'rlain  (o  those  fnim  N<».  4  to  \o.  25, 
bnt  to  tbose  fnmi  No.  I  to  No.  3,  and  is  conspqiiently 
potasb,  soda,  or  ammonia. 

To  di.slin;uish  these  three  bases  from  one  another,  a 
concentrated  solution  of  caustic  poUish  is  added  to  the 
oonccnlrated  solution  of  the  eompound.  If  an  ammo- 
niacal  odour  is  produced,  and  if,  when  a  glass  rod 
moistened  with  muriatic  acid  is  held  over  the  surface 
of  thf!  liquid,  white  clouds  arc  formed,  the  hose  in 
ammonia. 

If  this  is  not  the  case,  an  alcoholic  solution  of 
chloride  of  platinum  is  added  to  a  portion  of  the 
rnncenlrutt'd  solution  of  the  salt.  If  this  produces 
a  yellow  pri'cipilate,  the  base  i.s  potash.  If  no  pre- 
cipitate is  formed,  the  base  is  .sod». 


11.    Method  of  proeredinff  to  discover  the  Add,  <w  M«  A'on- 
mr/n/fir  Body. 

A.  To  a  portion  of  thu  dissolved  compound,  muriatic 
acid  is  added.  If  effen'cscenc«  ensues,  the  acid  is  car- 
bonic acid,  or  else  the  stitutiou  (rontalns  sulphur  combined 
with  a  metal  of  one  of  the  ahovc-Dujncd  twenty-five 
bases. 

If  the  gas  discharged  during  the  etrervescencc  pos- 
sesses the  well  known  odour  of  sulphuretted  hydrogen 
gas,  the  solution  contains  a  sulphuret.  Hut  if  the  ^sta 
is  inodor(Mi.<t.  the  ttcid  of  the  eompound  is  carbonic 
acid. 

B.  If  muriatic  acid  produces  no  effervescence,  the 
operator  adds  a  solution  of  chloride  of  barium  to  the 
neutral  solution  of  the  coui)H)und.  the  tatter  not  beiuff 
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toA  rauch  (lilittad  with  water.  If  a  white  prrripilate  is 
prodiici'd,  the  Hcid  is  either  the  stilphiirir,  pliosplinric, 
arMDic,  or  iHiruric,  or  t-\%e  the  Kolutitm  i-uiiiaintt  fluorine 
combined  with  a  metal  of  one  of  the  above-named  twenty- 
five  bases.  These  subytancea  are  distiufi^uishod  from  one 
another  by  the  followinc  experiments : 

To  the  precr|iitate,  produci^d  by  chloride  of  barium 
in  the  neutral  solution,  a  tittle  free  acid  is  added  ;  that 
wbicb  it  is  best  to  use.  bein^  muriatic  acid.  If  the  pre- 
cipitate rests  unalteivd.  the  acid  of  the  compound  in 
sulphuric  acid.  If,  oti  (lie  contrary,  the  precipitate 
dissolves  in  the  free  acid,  the  acid  of  the  compound  is 
pfaoKphoric,  arsenic,  or  boracic  acid,  or  else  the  solution 
contains  fluorine  combined  with  a  metal  of  one  of  (he 
Hliovc-namcd  twenty-live  Im^cü.  These  compound»  nn; 
distineutfihed  from  one  uootber  by  the  following  experi- 
ments : 

Comi'iilniied  sulphtiri«^  acid  Is  poured  uier  a  por- 
tion of  the  dry  compound  in  a  platinum  crucible,  and 
n  flat  piece  of  ^last«  covered  with  wax,  through  which 
»omc  written  chanicters  have  been  traced,  is  laid 
thereon.  The  crucible  is  then  gently  vanned;  and 
if,  itfter  cnolin);,  the  g\anH  plate  is  found  to  be  corroded 
where  the  rlianirlers  ivere  trarcil  tbniu;;h  the  wax^ 
itie  iiub.s(uii(*c  under  exajuination  in  a  Ihioridc. 

If  this  is  not  tfae  case,  a  portion  of  the  imlrerised 
c(mi|H>uud,  contained  in  a  crucible  of  platinum  or 
porccUtin,  or  in  a  little  porccliiin  capsule,  is  moist- 
ened with  a  drop,  or  a  few  drops,  of  sulphuric  acid; 
some  alcohol  is  then  added,  and  is  inflamed.  If  the 
mixture  bums  with  a  ijrccn  flame,  tlic  acid  of  the 
com)K>uud  is  borarir  acid. 

If  neither  iKiraric  acid  nor  fluorine  is  present,  a 
portion  of  (he  solution  of  the  compound  is  rendered 
üomewbal  acid,  which  Li  liest  done  by  the  addition 
of  munntic  acid.  Tben'upon,  liquid  sulpharetled 
hydro;;en  is  added,  and  the  whole  is  iKiilcd. — If  a 
yellow  precipitate  is  formed,  the  acid  of  tlie  cxim- 
Itound  is  arsenic  acid. 
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If  this  does  Dot  occnr,  and  the  operator  has  cod- 
vinced  himsdf,  that  neither  boracic  add  nor  flaorine 
is  present,  then  the  acid  of  the  compound  is  jdios- 
phoric  acid. 

C.  When  it  has  been  found»  by  means  of  the  above- 
described  experiments,  Üiat  the  substance  contains  neither 
carbonic,  sulphuric,  boracic,  arsenic,  nor  phosphoric  acid, 
nor  yet  sulphur  nor  flaorine,  the  next  experiment  to  be 
made,  is  to  add  to  a  portion  of  the  solution,  a  solution  of 
nitrate  of  silver.  If  this  produces  a  white  precipitate,  not 
soluble  in  diluted  nitric  acid,  then  the  compound  contains 
chlorine  in  combination  with  a  metal  of  one  of  the  above- 
named  twenty-five  bases. 

D.  If  it  has  been  found,  that  neither  carbonic,  sul- 
phuric, boracic,  arsenic,  nor  phosphoric  acid,  nor  yet 
sulphur,  fluorine,  nor  chlorine,  is  present,  a  portion  of  the 
dry  compound  is  strewn  upon  red-hot  coals.  If  the  com- 
bustion of  the  coals  is  thereby  promoted  in  a  very  lively 
manner,  and  is  accompanied  by  the  noise  of  deflagration, 
the  acid  of  the  compound  is  nitric  acid. 


When,  by  following  the  methods  here  described,  the 
base  and  the  acid  of  the  compound  appear  to  have  been 
determined,  it  is  still  necessary,  that  the  analyst  convince 
himself,  by  farther  experiments,  of  the  accuracy  of  the 
results  he  has  obtained.  I  shall  therefore  describe  in  the 
seventh  section  of  this  part  the  manner  in  which  the  bases 
and  acids  behave  with  a  variety  of  reagents,  in  order  that 
the  analyst  may  be  able  to  submit  the  substance  under 
examination  to  the  most  rigid  tests. 
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Jjutrurtions  far  the  ^vafiTaitce  exatttivnlion  of  eompounris 
tchich  are  either  quite  insolnhle,  or  very  x/tarint/lif  sohthh',  in 
icatrr,  which  hotrrrrr  nre  sohihlv  in  rnurintir.  or  nitric  acid, 
and  \ckick  consUi  imli/  af  a  Ijtisir  camhined  with  (ZH  furid,  or 
of  a  metal  combined  xDitfi  a  non-im'tnllic  hodif;  the  ntnxH- 
tuenta  of  suck  etmpounda  being  amany  those  \ehick  art 
neutioned  nt  pi^e  5.  f 

Ip  tlir  5iil>.itunce  to  be  examined  be  vei>'  -tparingly  solu- 
ble, or  qtiitf-  iiiM<>I)i)ile  in  water,  it  mutil,  if  poKsiblc,  be 
dI«solT«<l  Id  »a  acid.  For  this  parpo^c,  niuriatii'  ucid  is 
ID  most  cases  iyest  aduptetl.  The  roin{Kiumi  is  mixed  in 
a  little  yrlasN  ve.s.<(«l  with  tli«  »cid,  which  mUHt  be  iit  a 
moderately  diluted  state.  If  the  sobuion  does  not  proceeil 
t]nitkly  eaongli,  the  mixture  i.s  heated ;  wherciipoo,  in 
DOst  cases,  u  tomjilctc  solution  is  effected.  Whenever  a 
salt  occurs  which  hm  protoxide  of  merciiry,  oxide  of  silver, 
or  protoxide  of  lead  for  base,  it  is  rie<'e9«.s;ir)%  instead  of 
tnuriatir  arid,  to  iisv  nilric  a<:id.  Wbeii  also  the  roro- 
(loand  i.s  a  snlphiirt^t,  nilric  arid  mtust  tie  employed,  ami 
the  deainipiwtiliuri  of  thi;  compound  iuu.t1  t)e  itdäiitltKl  liy 
heat. 


f.    Method  of  jmKceiling,  to  detect  the  Hast  or  the  Metal. 

The  acid  solution  of  the  insoluble  .salt  is  diluted  with 
«iitcT,atid  firsl  treated  with  liquid  sidphun^tteil  hydrogen. 
If  a  precipitate  is  produced,  the  busv  of  tlie  salt  hebmgs 
to  those  from  No.  J4  to  No.  25,  and  is  either  peroxide 
of  iron,  oxido  of  rudmiunt,  protoxide  of  lead,  oxide  of 
biätnuth,  dcutoxide  of  copper,  oxide  of  silver,  protoxide 
of  mercury,  peroxide  of  mercury,  oxide  of  gold,  protoxide 
of  tin,  peroxide  of  tiu,  or  protoxide  of  antimony.  To 
dijitingiiish  these  liases  from  imc  another,  the  process  is  to 
be  followcil  nhicli  hu.s  been  described  IVom  puE;e  ti  to 
pnse  6.  Hereby  it  muttt  be  obserted,  that  if  arsenic  acid 
be  contiiined  in  the  insoluble  salt,  the  addition  of  aul- 
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|>hiiretliKl  hydrogen  fpi&  to  tliv  mnd  solutioD  of  the  salt, 
)m>durcs  hLso  n  precipitate  of  siilphuret  of  arsenic.  In 
most  caäe.s,  however,  it  is  rasy  lo  throw  down  tht.-  prci- 
cipitable  metals  I'roiu  acid  solutioui«  by  meaus  of  sul- 
phuretted hydro^tet)  gas,  sooner  thun  the  arsenic  acid.  The 
latter  y^  otily  preeipituted  Iiy  Kul|)hiir4!tted  hydn>;;eii  gn» 
after  some  lime,  and  the  precipitation  can  be  quietened 
only  by  exposing  (he  mixture  to  heiit.  On  the  other  hand, 
the  oxides  arc  precipitated  both  sooner  and  >vith  chiiraC' 
t^riKlie  colours.  These  nietiillie  snlphurct^i  can  be  sepa- 
rated by  H  rapid  liltratioii ;  iuid  thp  (ill*?red  solutioiij  which 
miiKt  .smell  :s(n)ii^ly  nf  sulphuretted  hydrogen,  can  be 
boiled,  in  order  that  it  may  be  ascerlaiued,  whether  ii 
pn^cipitutc  of  sidf>hiiri^t  of  ur.<senti:  !»•  .still  ]inKlucible.  To 
confirm  what  may  b«  discovered  by  this  experiment,  the 
exnininaliuu  of  the  luNoluble  salt  for  arsenic  acid,  by  oieana 
of  the  blowpipe,  in  the  manner  which  will  he  described 
hereafter,  must  never  be  omitted. 


If  BO  precipitate  is  produced  iu  tlie  acid  solution  of  the 
»Hit  by  liquid  snlphuretted  hydrogen,  the  bn.se  does  not 
:ipHcrtain  t<i  those  fnjm  \'o.  14  to  No.  23.  In  this  case, 
the  acid  sululioii  is  supeisatii rated  >¥itb  ammonia,  and 
hydrosiilphiiret  uf  ummonia  is  added.  If  a  hliick  preci- 
pitate 1:4  thereby  produced,  or  if  by  the  mere  supersaturn- 
lion  of  the  solution  with  ammoni»  :i  precipitate  appear, 
which  becomes  black  nn  the  addition  ctl'  bydrosiiiphuret  of 
ammonia,  then  the  base  l>elon);H  to  iho^e  fn>ni  No.  11  to 
No.  1Ü,  and  is  either  protoxide  of  iron,  oxide  of  nickel,  ur 
oxide  of  cobalt.  In  order  to  determine  which  of  these  it 
is  that  the  salt  contains,  a  small  quantity  of  the  solid  salt 
Is  examined  before  the  blotvpip«,  by  means  of  which  tho 
oxide  of  robalt  is  parliciilarly  easy  of  detection.  On  the 
other  hand,  protoxide  of  iron  and  oxide  of  nickel  arc 
somewhat  more  difficult  of  discnmination.  When  nri  .sure 
result  respectinp  the  identity  of  these  two  oxides  has  tieen 
obtained  by  uaiasi  the  blou-pip«-,  a  little  of  the  acid  solu- 
tion of  the  .salt  must  be  tested  by  a  solution  of  prussiate 
of  potash.    (See  Section  vii.) 
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If  ihe  ()n-ri|i)tulr  prodtiml  Iiy  hydnisiilpliiirel  til'  am- 
uioiiia  pf»SMräH  thr  pi-riilJur  llrHh-red  colour  which  ctiarnc- 
terises  sulphur«!  of  maaKaoes«,  or  if  by  the  supcnmttiration 
uf  the  acid  tiuliittori  with  ummoniH,  a  preripilate  was 
funiicd  which  acquired  lliis  llesh-red  colour  on  ihe  nddi- 
tioii  of  hydmüidphiiret  of  nmmonin.  tlie  hmw  of  the  .suit  is 
protoxidr  uf  muti^aiu-si*. 

If,  on  the  coDtrar)',  the  supers  a  Iura  lion  of  the  ucid  solu- 
tion of  the  salt  by  uminomu  produced  a  whit«  precipitate, 
III' uhitli  the  colour  wax  not  changed  on  the  addition  of 
hydrosiilphuret  of  aiumonia,  the  l)ase  is  either  o\idr  of 
litic  ur  itluniiiiu.  Then-  arc  four  other  »ubHtaures,  how- 
ever,  inagnesi«,  lime,  strontian.  and  haryles.  «hich  arc 
aUo  capahle  of  lieiiiir  prr'cipitatod  by  unimonia,  in  the 
cases  where  they  are  comhiiied,  in  imtiilnhle  sails,  uith 
phosphoric  or  bnrar-ic  acid,  nr  when  their  melnilir  l>as«>s 
are  comliined  tliereiii  with  tluorine.  lu  oixtcr  to  di.s- 
tin^iish  these  substance»  from  one  another,  the  following 
exiMrriments  must  Ik*  made;— 

The  prcM-nic  of  oxide  of  «inc  is  detected,  when  a  por- 
tion of  ihe  solid  insoluble  salt  is  niinvlod  with  soda,  and 
bi-utetl  on  chHiroal,  iu  the  inner  flame  of  the  blowpipe,  or 
when  it  is  merely  muifilcncd  with  mdution  of  cobalt  and 
expoAed  to  tbe  l>low])i|ie  thimr.  Theae  o|>enitions  are 
dewfibed  in  a  siiccctdinn  seclion.  Moreover,  when  Um» 
«juuulity  of  ammonia,  enipIoye<)  (o  Kulurate  the  acid  xolii- 
lion  of  the  xinc  sail,  is  ronsiiderahle,  the  precipiUito  which 
it  produces  at  tirst,  redisÄolves,  and  forms  a  clear  solution. 
Ilydrusitlphuret  of  ammonia,  however,  produces  in  this 
solution  n  while  precipitaie,  which  is  iuDoIablc  botli  in 
caitslir  potash  and  iimmoniii. 

The  [tresence  of  ainuiina  is  detected,  »hen  a  |>onion  of 
the  .<uilid  snll.  moistened  with  sohilifm  ofmlialt,  is  heateil 
Im'I'oiv  the  hlowpi|M'.  Moreover,  the  prrcipitale  prtHluced 
by  tbe  supcrsatii ration  of  tJie  acid  solution  by  ammonia,  iti 
soluble  in  an  excess  of  a  solution  of  causlie  itoiasb.  And 
even  when  hydrosal|>bnret  of  aiumoiiia  lius  bi^eu  adde<t, 
the  precipitate  produced  by  nmnmnia  proser^'es  ils  pro- 
perty of  being  ttolubic  in  caustic  pola»h. 
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The  presenic  of  HlrouLiau  ui»l  baryte»  in  kiioun  hy  Iht- 
pixMluction  ut'  a  wltitc  precipitate,  when  diluted  siilplturic 
uvid  it)  adilcd  tu  tho  ucitl  solmiun  ol'  tliu  salt,  pruviuiiHly 
diluttid  with  a  lai^-  qunutitj'  uf  water.  To  distin^uiiih 
tbeae  twn  ba.-tes  t'mm  one  another,  hyitroflunHilirir  »rid  is 
oddrd  to  the  acid  siilulinn  ut  the  .salt,  prrriotiKly  diluted 
with  water;  tthen:U|>ou,  if  haryles  be  present,  a  preci- 
pitate i.s  proilueed  after  a  »short  time;  uii  the  contrary,  if 
stroDtiaii  be  present,  do  precipitatiuii  ocnirs. 

The  presence  of  lime  i«  detected  by  addiii|i  to  the  cim- 
fX'iitraled  arid  solution  uf  the  suit,  llrst  sulphuric  ucid, 
and  then  abohul.  If  n  wlijlc  preeipitate  appears,  thir 
presence  of  lime  may  be  considered  as  certain,  provided 
it  hoH  previously  bL>4-n  aseertained,  that  neither  baryteii 
nor  strotiliHu  h  contained  in  the  ^olulioti. 

The  presence  of  magaesta  in  the  solid  salts  which  arc 
insubible  in  water,  ran  he  best  determined  by  means  of 
the  öoliition  of  cobalt,  before  the  blowpijK-.  The  o]>erutor 
is  led  almost  to  the  certainty  that  mai^esia  Is  the  base 
of  the  salt  under  e\:a  mi  nation,  when  he  h.ns  lound  that 
none  of  the  other  earthy  bases  are  contained  iu  it. 


irthv  arid  solution  of  Ibe  salt  frive»  no  precipitate  with 
Ktilphuretted  hydros^en  t;»s,  nor  yet  when  it  i.s  lirst  super- 
Naturated  with  anuminia,  and  then  mingled  with  hydro- 
sulpliuret  of  ammonia,  the  next  process  in  to  add  tn  a 
portion  of  the  acid  solution  of  the  salt  previouuly  diluted 
witii  water,  a  jiolntion  of  carbonate  of  iwlasb.  ft",  aner 
the  mdntion  has  been  i^apeniatu rated  with  alcali,  there 
appears  a  pn-t-ipitale,  either  immediately,  or  when  the 
mixtun-  ]ins  been  boiled  lor  some  time,  then  the  base  of 
the  salt  is  oiiü  of  tIiM.su  Irani  No.  7  to  No.  4;  tfaat  is  to 
say,  it  is  nia;:nesia,  lime,  »troalian,  or  iHirj  te». 

To  (iistinifiii^h  these  from  one  another,  (he  acid  solutioit 
of  titc  salt,  previously  very  much  diluted,  is  iniiifiled  with 
a  little  dilnled  sulphuric  acid,  or  a  solution  of  sulphate 
of  potash.  If  a  puTipilate  is  imme^liately  produced,  the 
liase  is  either  ritmnlian  or  biirjtes, — Thi"  prcM'tirc  of  tho 
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Inlterrarlh  is  known,  when  hydntflitoiriliric  nciil,  on  Ihmii^ 
added  to  uhotlior  iM)rtion  ollhu  <Jilutetl  acid  solution,  i)n»- 
daces  uüer  some  time,  a  white  precipitate. 

iriiarytos  «nd  sirontinn  arc  not  present.  lime  is  tielefted 
liy  Mttiuriiliii);  tlic  .suliitioii  with  unimoma,  iidtlin^  a  sulti- 
tioD  «f  »ii\  ainiiioniatr,  and  Ibeii  lestinf;  the  mixture  with 
Ih«  solution  of  an  oxalate,  whicli  in  such  circumi(tancc;s 
produces  with  liniv  a  while  prtrriiiitate. 

Bnt  if  no  precipitate  is  produced  by  the  oxalate,  the 
»anir  solution  is  leiteil  «ntli  phosjiliate  of  s<tda.  If  there 
iiow  iipiwar»  a  white  prreipitale,  notwitliKtandtiii;  that  lUe 
Solution  ruiiiaius  tree  amiuoniu,  ooe  may  be  coDvincnl  of 
the  presence  of  ma^iesia. 


The  compooDds  which  arc  insoluhle  in  water  arc  not 
examined  for  alcalieK,  liecaus«  the  acids  whi<-h  are  here 
taken  into  loosideration,  pnidiine  with  alralie.t  »one  but 
solulile  eoRiponnds. 


II.    Method  of  proceeding,  to  drltct  the  Add  m-  the  Noif 
metallic  Bwljf. 

A  portion  of  the  dry  «alt  is  first  moiKtenetl  with  diluted 
mtiriatii'  acid.  If  an  inudomus  ^s  is  diNrtiKn-^ed  »itli 
efierrescence,  it  tH'tokeu«  curlKinir  arid.  If  the  insoluble 
caT^M>ltnte  is  not  pulTerisod,  hut  exposed  ti>  the  acid,  while 
in  solid  pieces,  iL  ofleii  disi^u^ages  tlic  carijuiiic  acid  yC''^», 
(inly  when  the  whole  is  wanned.  It  is  best  also,  that  the 
arid  employed  to  decompose  the  carbonate,  be  not  loo 
cunccntrHied.  If  the  cITcrvescenfe  produc«!  by  diluted 
muriatic  acid  be  nccnnipanied  by  fhp  discharge  of  o  pis 
jMJssessinf^  the  odour  of  sniphurelted  liydro^n,  it  is  a 
proof  that  the  sulistance  under  examination,  contains 
sulphur  cotuliiiu'd  with  u  metal. 

la  tilt:  next  place.  tJie  insiduldc  compound  \&  tested  lor 
nitric  acid  by  projection  on  glowing  coals.  This  ucid  can 
only  \m-  present,  when  the  compound  is  a  salt  »ith  excosi^ 
of  base.     U  is  also  examined,  bclbre  the  blowpipe,  on 
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cliurcnat,  fur  arsenic  acid,  whose  presence,  hourcvür,  has 
alrpnily  lieen  detected  by  an  experimeiir  iinilertukco  to 
ruid  the  biuit;  ol'tlK-  salt. 

It  is  thcu  trictl,  wlit'tlirr  the  CAimpound,  mixed  and 
heated  with  sulphuric  acid,  in  a  platinum  crucible,  dis- 
engages a  giu  uhich  c^irrodeti  ^liuis.  This  elfeet  indicates 
the  presence  of  a  fluoride.  Or  the  compound  is  miii]u:led 
will»  sniphnrir  aci!  and  »Icolitd.  and  it  is  tri«l  whether 
tlic  latli-r  burns  with  u  i^rcvn  finmc:  if  it  docs,  the  salt  in 
u  hurulc 

A  ]M)rti<>n  of  the  compotiml  is  dist^olved  in  nltrie  ncid,  if 
pttssihli!  without  lieat,  and  the  arid  sotution,  diluted  with 
water,  is  tested  with  a  solution  of  nitrate  of  silver.  If  u 
white  precipitate  is  produced,  tlie  »nhstance  iindrr  exami- 
nation itt  a  chlonde. 

A  p<irtiun  of  the  compound  is  heated  in  nitric  ncid.  IC 
H  reaction  tukis  ptai-u,  accompanied  by  the  disen);agemtmt 
or  the  yellow-colourtn]  vajmur  of  nitrous  arid,  and  hy  (he 
deposition  of  sulphur^  which  however  does  not  occur  at 
the  bc-jining  of  the  operation,  but  only  displays  its  charac- 
teristic colour  after  a  prolonged  dic;cslion  with  nitric  acid, 
and  if  fartlipr,  the  acid  scihition,  dihited  with  water,  gives 
with  a  sohithin  of  nitrate  of  hnrytcs,  a  white  insoluble 
precipitate,  it  may  be  pithcrwl  from  these  phcnomeoa^ 
tltat  the  compound  is  a  sniphurct.  Xevc-rlhcirss,  if  the 
coui|hiuikI  bo  the  sulphuret  of  mercury,  nitric  acid  alone 
does  not  effect  its  decompositiun,  for  which  it  la  neccRsary 
to  employ  aqua  regia;  the  pas  uhich  is  disen^aired,  in 
this  c»sc,  is  nut  nitrous  acid,  but  chli^rinc:  however,  the 
substance  belouKs  tlieu  to  those  »hich  will  be  taken  into 
con.'iidcnition  in  the  third  section,  if  the  compound  b« 
(lie  .-iulphiiret  of  lead,  of  tin,  or  of  antimony,  llicre  is  pro- 
duced by  the  difcestion  with  nitric  acid,  a  deposit,  wbit-h 
»insists  not  of  sulphur  alone  but  also  of  sulphate  of  lead, 
or  peroxide  of  tin.  or  pmtoxide  of  antimony.  In  the  twu 
last  cases  also,  the  decomposition  of  the  sulpliuret  niuät  be  M 
effected  hy  aqua  rcyia,  instead  of  by  nitric  acid.  ™ 

Finally,  the  diluted  solution  of  the  salt  in  muriatic  acid» 
is  tested  with  a  solution  of  chloride  of  barium,  or  the 
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Won  of  Ihe  sail  in  nitric  acid,  i«  tested  with  a  sohitiim  of 
nilratf  »f  Imrytcü.  If  a  white  iuw>lubli'  {irt?(  ipilale  he 
(bereLiy  produced,  tbi>  acid  of  the  salt  is  sulphuric  acid. 
TTiis,  however,  can  never  be  the  case,  except  when  Ibc 
snbstancc  under  examination  is  a  siklt  with  excess  oi' 
hase. 

tr  the  prectidiog'  experinM^ntx  hav«  iiitl  hp<!n  Millirient  to 
detect  the  acid,  the  comp*»iiid  must  coiilaiii  jihosphoric 
ttcid.  llie  presence  of  this  acid,  especinlly  in  insoluble 
compoundi;,  is  more  dißicult  of  dejnonstralioa  tJiun  that  of 
aJltheotlier  acids.  On  ihisace«oni,  it  is  always  necessary 
to  nialtc  »  variety  of  experiments,  l>pfore  cfmiiiip  to  ;i 
decision. — This  subject  will  be  trcutctl  of  at  length,  under 
the  head  of  l^tKiphoric  Acid,  in  iScctiou  VII. 

SECTION-  UI. 

Inxtractions  for  the  fpialitative  examiuafioK  of  Compounds, 
tc/iich  lioth  in  iralrr  and  in  aritis,  arc  riihrr  quite  inmlulite, 
or  Tertf  xjiarinijltf  tolublc,  and  ichirh  cvnrist  only  of  a  hate 
Crtiuftin«/  trilfi  o»  acid,  or  of  a  metal  romhintd  wi/A  n  «oir- 
niftallir  body;  the  rornttituentt  ofsueh  tuhslanca  bring  mmmf 
thout  ichieh  are  tfuoffd  a  I  pnye  fl. 

To  thcM!  ciiDipouodä,  only  the  followiair  can  belong:  buI- 
pfaiite  of  haryte^,  sulphate  of  strontian,  Hulphatc  uf  lime, 
«tilphato  of  lead,  chloride  of  silver,  protochloridc  of  mer- 
curj-,  sulphiiret  of  mercury;  and  a  irreal  many  acid  phos- 
phate<(.  and  some  acid  arseniales,aller  having  been  slronf^y 
ifHiited. 


Witli  respect  (o  tlie  latter  sabstniicc5.  they  ran  only  lie 
decomposed  by  hc-ing  boiled  iritb  concentrated  sulphuric 
acid.  Iliey  then  become  Rolohte  in  water,  except  tlicy 
have  iMtrytes,  Ktrontiuii,  lime,  ur  prulo\ide  uf  lead  I'or 
base.  They  are  n-cupnised  by  the  cxamiuaiion  of  a  por^ 
lion,  for  arsenic  and  phosphoric  acids,  lM:fore  the  blow- 
pipe. Arsenic  acid  is  very  ca.-ty  of  detectioQ  thereby. 
One  IM  led  to  detect  the  presence  of  phosphoric  acid,  by 
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uxp(Ktiii^tlict;onipoiin<l  (n  (lie  blimpiiic  fUnic,  after  bax'inp 
inoi»U-m'(l  il  willi  Mil|)liiirit'  «cid;  the  presence  of  phos- 
ptiiirir  acid  i^,  in  this  oasr,  betokened  by  tin;  coniitiumcation 
of  u  ^eeuitih  rohtiir  (o  tlit-  flame. 

With  respect  lo  the  othi-r  compounds,  they  ai-e  all  cha- 
racterised by  a  while  colour.     To  this  nik*.  Ilie  siilphtiri^t    _ 
of  mercury  (unns  an  exception.    'V\üs  AuUstancr  \m»  t-itlicr  ■ 
a  black  or  rod  colour,  and  is  thereby  already  di^criminalei! 
from  theiithers.     But  that  il  may  In-  kmmn  with  ^rrealrr 
certainty,  it  in  treated  with  aqua  retpu.     Sulphur  i»  there*  fl 
upon  deposited,  and  the  .'«4)bitt(>n  whvn  (lUiittil  «ilh  ivuter, 
pivcH,  ^vitb  ihe  Koliilif>iiol'a  Iiarjtic  mJi,  u  pniriiiitiitt-  uhicli 
is  insoluble  iu  acids.    By  lestini;  the  solution  still  farther 
with  reagents,  it  Is  eaay  to  detect  the  presence  of  per- 
oxide of  mercury.     It  is  still  easier  tn  demonstrate  by 
experiments  in  Ihedr)*  way,  that  (he  siibstnncc  under  exa- 
niinution  is  siitphun^t  of  mercury.     Minsflt-il  will)  »mla,  antl 
heated  in  a  little  ^lass  tube  which  is  closed  at  one  end,  it 
gives  globules  of  niemiry.     lleate«!  thus,  without  KOdn,  ■ 
both  the  red  and  thu  black  sulpbaret  of  mercury  sublime  ^ 
unaltered,  hut  ihe  subliniale  in  iHith  cases  is  n  red  ponder. 

Of  the  other  compounds,  of  which  chloride  of  silver  cun  f 
also  often  present  a  sTeyi.sh  black,  and  if  in  the  fufcd  state.  " 
a  yelliiwish  colour,  the  Three  last,  namely,  prolochloride  ol 
mercury,  chloride  of  silver,  and  sulphate  of  lead,  are  tlis-  fl 
tinf^iished  from  the  three  first, sulphate  of  baryles, sulphate  ™ 
of  strontiau,  and  sulphate  of  liinr,  I>y  immediately  a.sMum- 
in«  a  black  eolour,  when,  after  lieiiiji  cros.sly  inpuink-d, 
they  are  moistened  with  hydrosulphiuvl  of  amuiouia.  'I'ho 
individual  compounds  are  discriminated  as  follows: 

iV  small  (juantily  of  the  substance  to  l>e  examined,  in 
gently  heated  over  a  spirit  lamp,  in  a  little  gla.ss   tube 
closed  at  one  end.    If  the  substance  totally  rtublimcA,  itfl 
Is  prutochloride  of  mi<n-ury;  if  it  fii^(>.<*,  it  is  chloride  of 
silver;  if  it  ruuialus  unaltered,  il  is  sulphate  of  lead.     To 
prove  the  correclne&s  of  the  results  thus  obtained,  the 
stancR  is  thereu{M>n  examined    before  the  blowpipe,  fb 
mercury,  silver,  or  lead. 

If  the  .substance  remain»  iiiuUterecl,  when  it  is  moistciie«! 
with  hydn>.>;ulpbnrrt  nf  ammonia,  the  ba.sr  of  the  compouiKl 
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üt  liinv,  Mnmtiun,  or  barytr»,  und  Itiv  iiciil  is  Milphtirir 
acid.  TlitM'  suits  am  inorv  diflic-iilt  lo  lie  distriniiiiitti-il. 
Thi'  coiitpuiiud  is  pulveriM-d  and  Utilcd  in  wau-r;  tlic  dolu- 
ÜOII  i.s  lUtf-rcU,  and  di\idL>d  iiilo  two  poniuuü.  To  one  of 
thcüe  porliuDK,  a  solution  of  cbloride  of  bariuoi  is  addvtl ; 
to  the-  uilii-r,  a  solution  of  an  oxuliitc  If  a  white  prrcipi- 
tRle  is  fnrinrd  m  itli  bolli,  and  if  that  with  rhinridir  nf  barium 
is  insoluble  in  acids,  the  substance  is  »niphati'  of  lime. 

If  iiolhint;  !-'>  di!<s<i1vc<l  wlirn  Ilie  Nnluitanre  i»  btiiled  in 
witter,  a  )inrliotiuf  it  »niid  Ih?  pulYrri^vd  and  boiled  witb  a 
Molution  of  t'urbouttte  of  potash  or  of  soda.  Il  is  lillerctl. 
Thi"  liltered  sohition  is  siiprrsat united  wilH  mariitiir  acid, 
diliilt-d  Willi  water,  and  tested  uilb  u  Sülarion  of  chloride 
of  banuu.  If  an  iiisuluble  precipitate  is  produced,  the 
rompound  in  eitlier  .tulpbali'  of  strontian  or  stdpli»te  of 
barjtes.  To  dislinituisb  these  from  eai-h  oilier,  tlie  re- 
niiiimliT  tif  the  ini\ture  obtained  by  lfuilin<:  the  substauce 
with  the  alealiitc  carbonate,  in  mini:icil  M-itb  miiriuttc  and. 
and  filtered.  The  solution  is  cuiieentmted  by  evaponr.ion, 
mixed  with  alcohoL  and  inllaiued.  If  lh<>  alcohol  hums 
wilb  n  re<l  Haiae,  ihß  .tubstunce  ia  sulphate  uf  KironUnn; 
if  not,  it  is  sulpliateof  haryteit.~-The  lillrre<l  muriiitir  arid 
itolution  can  also  be  tested  by  bydrolliiosilii-ir  acid:  if, 
after  suuie  time,  a  [ureeipilate  i.s  thereby  produced,  it 
iadicate.s  ihc  pre>ieiice  of  barytes ;  if  ooae  i.s  fomifd.  tiie 
xubstauce  uuder  exaJiiinaliou  is  sulphate  of  atrontiau. 


SECTION  IV. 

Ittatrnctwns  for  thf.  i/ualilattve  cxttntinatUtu  of  mixfd  com- 
poHtnh,  which  are  etmlt/  itthhU  in  watty,  and  the  ct/iul'.lHents 
itfuhieh  nri'  iimoni]  ihoi*  ijnoUtt  at  /tttffc  5  •, 

I.    MclAv<i  of  procettiinff  to  delect  tht  Hoses. 

A.  TtlR  enneentmtrd  solution  of  tbe  salt  in  water  is 
rendered  aomewliat  acid,  which  is  best  done  by  me;inK  of  a 
few  drops  of  muriatic  acid.     But  if  oxtdc  of  silver,  pnit- 

•  Tili»  aikI  til*  two  follouinx  section»  trenl,  uof  ouly  wf  llic  iinnl}-tu  t/f 
tnivt  it  .tiilintanrrs,  but  nlsa  nrourli  romponiuliiu  arc  momiiniply  «^oiutti- 
liib>(l,  lUidnxKiitt  only  Ufa  bawmndnn  add  ;  it  ttcinR.  however.  supposMl 
Id  be  unkMnro  lo  ÜM  nptvatur,  llial  llicnc  substancra  Jinvr  iliis  Minple 
«Mistiliiliaa. 
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oxide  of  mereun.',  or  even  a  g:reat  quantity  of  praloxide  or 
leud  Ik-  present  (which  is  easily  known,  from  tin-  produc- 
tion ol'  a  white  precipitate  on  the  addition  of  muriatic 
acid),  it  is  necessary  to  employ  diluted  nitric  arid  lor  this 
pHqiosH.  So  miu'li  .siilphurelted  liydroi^fn  is  tli4>n  added 
to  this  solution,  ibiit  thr  mixture  distinctly  .smells  of 
it.  If  a  precipitate  is  produced  thereby,  especially 
when  the  solution  is  warmed,  the  bases  hclonff  to  those 
from  No.  15  lo  So.  35,  that  is  to  say,  the  compound  may 
contain  oxide  of  cadmium,  protoxide  of  lead,  oxide  of  bis- 
muth. di'Uto\idi'  iif  cdppi'r,  oxide  of  silver,  protoxide  of 
mercury,  peroxide  uf  aierrury,  oxide  ol*  pdd,  protoxide  of 
tin,  peroxide  of  tin,  ami  protoxide  of  antimony.  Besides 
llic.-«',  peroxide  of  iron  can  also  be  present,  because  when 
thul  baMi  exislä  in  an  acid  Milutinn,  tlip  addition  of  sul- 
phuretted hydrogen  gatt  occasions  the  precipitation  of 
sulphnr.  Tf  the  precipitate  formed  by  this  rca^nt  in  an 
acid  solution  of  rhc  compound,  lie  Mhitc  and  milky,  it  is  a 
proof  that  of  all  the  huses  M'hicb  can  be  detected  tbereby, 
pt-mxide  of  iron  alone  is  present.  It  is,  monnwer,  pos- 
[«ible  tliat  arsenic  acid  may  be  contained  in  the  louipountl, 
[lyet  in  tliut  case  the  bases  combined  with  it  can  only  be 
blculies,  uulcs.t  there  be  also  much  free  acid  present.  If 
the  acidulated  solution  of  the  compound,  on  bcin^  warmed 
with  liquid  sulpburettMl  hydn^e»,  ^ivca  a  yellow  precipi- 
tate, which  disKotves  iu  hydrosulpburet  of  ammonia,  the 
presence  of  arsenic  acid  can  be  decided  on  with  certainty ; 
and  under  llie  same  rirturnntanres,  one  ciui,  with  equal  cer- 
tainly, decide  on  the  absence  of  metallic  oxides  and  earths, 
[■because  tlie  compounds  formed  by  these  substances  with 
Jinenic  acid  are  not  soluble  in  watur. 

The  precipitate  is  allowed  to  settle;  the  solution  is 
poured  olTas  completely  as  possible,  and  iJio  pn^cipitute  is 
then  mixed,  first  with  n  Ultlc  ammonia,  and  then  with  an 
excess  of  bydroE.ul])liuret  of  ammonia. — If  the  precipit»te 
is  then  fully  redi.ssolved,  the  compound  may  euntaiti  oxicl« 
of  };:nld,  protoxide  of  tjn,  peroxide  of  tin,  and  protoxide  of 
antimony. 

The  solution  iu  bydrostUpburet  of  ammonia  is  diluted 
with  water,  and  decomposed  by  diluted  muriatic  acid,  of 
which  so  much  is  added  as  is  sutficicnt  to  render  thu  solu- 
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licin  somewliat  arid.  The  sulphurrts  nhirh  were  in  sola- 
tion,  now  prrtipittttc,  und  nuh  rxhibil»  i(»  cliaraclerisfic 
colour.  Bui,  as  a  gmrtion  of  «ulphur  is  at  tlu'  samr  lirao 
Fct  at  lilu'tty  in  conKcqiicnc«  of  the  cJccomposiiion  of  ilie 
faydniRiilphitrpt  of  nnimoiiia,  and  a»  thiü  sulphur  inin;;li-ji 
and  prt-^'iiiiuite.t  with  ibt*  luotallir  .-iulphunMs,  thv  colotir:« 
of  the  latter  are  paiirrtlum  tht-y  would  be  \icve  they  tinar- 
coinpanieil  by  free  sulphur.  If  several  metals,  whose 
siilphurotA  arc  soluble  in  hydrn^iilphuret  of  uiniiioiiiu,  ar» 
prcHrnt  together,  tlicy  cau  be  discriminated  in  the  I'ullou  ing 
luiinner: 

0\ide  of  irold  is  easily  rcmirnispd  frnni  tlir  pntilHcllon 
of  a  n-ddtNli  purple  ri>Iour  whrii  the  sfdutiou  of  the  ^iib- 
ülancc  to  be  examined,  previously  diluted  with  a  lar^ 
qunntity  of  water,  is  minplH  with  ii  lew  dropsof  a  äoIuIjoh 
»I'pntitw'hiuride  of  tin,  which  has  pn>\iouKly  been  rendered 
clfar  by  the  addition  of  frer  maiiatic  acid.— Oxide  of  fn>ld 
i»  also  detected  by  the  precipitation  of  brow n-culmi red 
metallic  gold,  when  the  diluted  solution  of  the  unki;>^>wn 
oompoood  Is  tested  with  a  solution  of  protoKulphate  of 
iron. 

The  preitenre  of  protoxide  of  tin  is  known,  in  many 
coite«,  by  tlic  fonuutioii  of  a  milky  solution  ^vheB  the  com- 
pound is  mixed  with  a  frreat  quantity  of  water;  but  it  is 
particularly  diieovcred,  by  the  production  of  a  reddish 
puqilp  ei>l<Hir,  when  the  solution  of  llie  rMtni|H>und,  pre- 
viouiily  diluted  with  mueb  water,  is  mingled  with  a  diluted 
floliition  ot'^old. 

Peroxide  of  tin  and  protoxide  of  antimony  are  more 
diHictdt  of  dctoriion,  when  they  are  urcumpaiUcd  by  other 
metak,  whose  sulpbnreis  arc  soluble  in  hydrogul|>huret 
of  unimonia.  Their  presence  can  then  be  best  detected  by 
llie  Itebaviour  of  the  precipitated  siilphuret.s  U-forc  the 
blowpipe.  l*rotoxide  of  antimimy  is  also  diftcovered  by 
the  occurrence  of  a  ntilkiiieKS  when  thi>  muriatic  acid  solu- 
tion uf  the  conipniind,  whtrh  mtist  not  n>ntain  i<>o  niueli 
free  acid,  is  dilutod  with  a  lar^  quantity  of  water.  But 
when  onlj  one  of  these  two  oxides  is  present,  and  it  is 
not  Hcx'ompanird  by  any  other  metal  whose  snlpboret  di.s- 
aolrcK  in  hydrosulphuret  of  ammonia,  it  can  bo  very  eiieiily 


S4  14f;CT10>(   IV.      ANALYSIS  OP  ^| 

di-sUii^isbed  by  the  peculiar  colour  ul"  its  precipitated 
siilphiiret. 

If  the  precipitate  produced  id  the  acid  solutinn  by  liquid 
8ulphuretted  hydrate»  gas  does  not  completely  dissolve  in 
hydnt.siilplmret  of  ammonia,  or  if  it  is  iillocrlluT  iiistilnble 
tJicrciii,  the  roRipnund  iindvr  examitiutiuii  may  cuataiu 
oxide  o(  ciKlniium,  pnitoxidv  »f  lead,  oxide  of  bisnitlth, 
deufoxide  of  tapper,  o\ide  ofsilver,  piiitoxide  ormvrcurj', 
!iud  ]HTo\iili!  nf  laertuiry.  The  operator  aüterlains  w  liether 
the  bydroaulpburet  of  aaiinoiiia  dissolves  aay  tbinsf,  by 
Uie  folliiwinp  cxpcriiiicuts :  After  the  dijicstiim  of  the  pre- 
cipitate with  that  reagent,  Ibc  solution  is  dilated  with 
wnter,scparatcd  by  liltration  from  tbe  insoluble  remainder, 
und  mixed  ivilli  an  ckccm;  of  mnrintic  iK'i<l.  If  only  a 
niilkinrss  from  the  prcürncc  ol'frr<^sttl pint r,  anil  nupn-ripi- 
(ute  of  a  mcliillir  Milphurt't  is  priKliiccil,  llie  bydrosulphurRt 
of  ammonia  has  dissolved  notbinjr.  An  easier  uiethtKl  is, 
to  place  a  feu  drupy  uf  tbc  altered  solution  upon  platinum 
foil,  to  c\n[Hiral«  llic  liquor  over  a  spirit  lamp,  and  to  tiout 
tlie  foil  to  i-edue^s:  if  nothing'  remains  on  the  platinum 
foil,  the  rrai;cnt  contains  nolhinir  in  solution. 

Tbe  [irciTipitatcd  sulpburrt  is  tilterrd  on  the  sniallrst  |k»s- 

«iblc  lilter, and  washed  clean.    It  is  next  treated  with  pure 

nitric  acid.  Gt'apritllysppakiiig.itisiMiiieces.'Jary.inqHaliU»- 

tiveexaminati(iiiK,lo  sep;intte  tbe  precipitate  I'rom  Ibe  tiller; 

they  can  be  digested  together  in  the  nitric  acid.    With  ifac 

assistance  of  heat,  the  sulphuret  is  dccomjiosal  by  the 

nitric  aoid:  the  nietal  become»  oxidised  and  i»  di:tsolvod, 

,  while  the  ssulpbur  is  set  at  liberty,  remains  uudisüolvcil, 

I  »nd  after  a  prulonired  digestion  acquires  a  yellow  cnloiir. 

I  When  (III»  is  jM-rccivcd,  (he  solution  is  ültercd  fmai  tile 

'  in.solubic  sulpliur. 

Hereto,  the  sulphuret  of  mercury  fonn.s  an  exception. 
L  Unless  tbe  nitric  acid  be  Uvt  stninsr,  it  doc»  not  act  u|K>n 
f  this  .substance,  which  remains  undissoUed  aller  the  di|;t>8- 
tiou,  and  is  known  by  tbe  cburacteristic  black  colour.  \«bich 
I  it  cxbibiLs  in  .such  ca«cs.  The  operator  examiucä  ibis 
L^alpburct  bclorc  Ibo  bloMpi|H-,  and  then-by  vcr>  easily 
I  detects  Ü)c  presence  of  mercury,  ublcb  may  be  eontaiucd 
^  in  the  compound  either  ax  peroxide  or  protoxide.      T«> 
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dflcrminf  «  hirh  vf  tliD  two  oxidrs  the  cntiipoiiiiil  cnntainn, 
the  üiilpliun-l  {midiirrd  Uy  (he  [»n'f;<"diii^  fx|K'rim*"nl.s.  w 
heated  iu  a  UtUr  gluss  tube  rlosrd  ut  one  end  :  if  it  sublimes 
uniiltered.  tb«  peroxide  is  present ;  but  it'  the  sublimed 
sulphiiret  of  mercury  appears  minified  witli  globule»  of 
metallic  merciu*)',  tbe  compound  coutains  tlie  protoxide  of 
ibiit  mctul. 

Tbi;  mtidital  sitipbur  may  uisii  ttmtuin  it  porrion  of 
undiM»tilved  sulphate  of  irnd,  wbcQ  the  L'ODi[K>uud  iruu- 
tuinü  protoxide  of  lend,  iitid  sulptitiret  of  lend  is  conse* 
«jiicittly  uiuoit}^  the  iiic^Lalüc  suljiburelJi.  But  the  ^rt-ater 
jMirtof  llie  protoxiiif  of  lead  isdissohcd  by  the  nitric  arid, 
when  tbc  digestion  is  not  too  Ion;:  continued. 

Wboo  tbe  Solution  bas  been  fdtcred  from  the  precipi- 
tated sulphur,  if  the  uddilion  of  an  o\:cess  of  animoDiu 
coRimuiiicaleii  a  blue  colour  to  tbe  liquid,  it  iiidicalt-s  the 
presenre  of  deutoxide  of  copper. — If  nnnther  portion  of 
the  solution  i.s  Icsleil  with  ninriiitir  ucid,  and  pittduccs  a 
white  pm-ipilule,  wliiirh  doi-s  ti4jt  n-dissolve  on  llic  jiddi- 
tiou  of  uiucb  water,  but  disappears  iiumediately  mIicd 
ariimdniu  it>  added,  it  proves  tbat  the  coni]K)imd  contains 
oxidp  iif  silver. — To  anolhcp  |><)rti«n  »tithe  diluted  solution, 
a  little  diluted  sulphuric  arid  tit  added;  if  lhi.<t  pnjdares  u 
while  precipitate,  protoxide  of  lead  is  tn  the  «impound. — 
Auotbfr  portion  of  the  solution  is  coucentrated  by  t-vapn- 
rution,  in  order  to  separate  tbc  greater  part  of  the  nitric 
arid^  after  wbieh,  a  lar^e  (juantily  of  water  i»  added:  ifa 
uiilkincss  ix  thereby  priHluced,  the  ciKopound  contain.-: 
oxide  ulbi.tmutb. — 'Vhv  pn-M-iicc  of  oxide  of  cadniiiiui  in 
the  cuui]K)Uiul,  i^  ri»:i>^iiised  by  iuitit;liug  the  pn-cipituted 
sulpliuret  with  soda,  and  beating  it  oo  charcoal,  in  the 
inner  diimo  of  the  blowpi|H>.  It  then  pmditrrs  ii  brown 
coaling',  ubieh  mii.tl  not  be  conloiindcd  nilb  thai  which  in 
pnMluri'd  under  .similar  circumslnnces,  by  compounds  of 
lead  or  bismutli, 

Jt.  The  liquid  which  is  se|iaruted  from  the  sulphuret« 
th»t  were  precipitates!  from  the  acidulnte<l  solution  of  the 
comjMJund,  by  «nlphureited  hyilriü^en  •^aa,  is  submitted  to 
the  same  treatment  ns  it  would  have  bet>ii  bad  sulphunMted 
hydrogen  gas  not  produced  a  precipitate  in  the  acidulated 
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solution.  In  the  first  place,  however,  it  it  vxamini^ 
ithctluT  th(r  liquid  kHII  <'(>nliiii).s  any  üxcd  basses.  For  thin 
purpose,  ft  few  drops  of  it  are  evaporated  on  platinum 
fnil,  and  tlie  solid  matter  n-hich  in  left  is  heatiMi  to  rcdm>(»i. 
If  ni>  lixi^d  remaindtT  iK  exiuliltcd.  ihc  lii]uid  coiitiiin!«  no 
more  fixed  bo-HCS.  If,  however,  a  remainder  is  exhibited 
on  the  foil,  the  examination  of  the  liquid  inuAl  be  con- 
tinued. The  liquid  iä  Huperyiitumted  ^vith  ammonia,  and 
the  lunmoniacal  solnlion  is  mingled  with  hjilnisulphnret 
of  ammonia.  From  the  precipitate  thereby  produce<l,  one 
can  decide  on  the  presence  of  peruxidr  «f  inm,  pnitoxirit* 
flf  imn,  oxide  of  nickel,  oxide  of  colwlt,  oxide  of  »inc,  prot- 
oxide ofiaan^neKe,  or  alumina. 

The  precipitate  thus  formed  is  filtered  and  wash«!  with 

'  '«rater  which  has  lK>en  uuii)<;led  with  a  few  drops  of  hvdrik- 
siilphiiret  of  ammonia.  Thercnpon,  the  filter  and  the 
preripititte  are  digested  in  dihitrd  muriatic  acid,  and  the 
digestion  is  continued  till  the  whole  ceases  to  smell  ^»r 

I  «nlphurt'tted  hydriif;en  ^a».     The  solulion  Ls  then  xepa- 

!  rated  by  tillrution,  and  heated  with  a  little  nitric  arid. 
When  the  precipitate  is  not  fully  decouipusi-il  and  dis- 
solved by  muriatic  acid,  which  i.i  the  case  when  8iil]ihurct 
of  nickel  or  snlpburct  of  cobalt  is  contained  amou>r  the 
sulphuretä  priori  pi  tattnl  by  the  hydrostilpliuivt  of  ammonia, 

^it  must  be  digested  with  nitric  acid,  or,  after  tlic  addition 
of  murintic  acid,  a  portion  of  nitric  acid  must  also  b« 
add<^. 

Amiuonia  is  ndiled  in  exce.ss  to  the  acid  solution;  the 
precipitate  Uiercby  funned  is  separated  by  tiUration  and 
washed,  ft  can  contain  peroxide  of  imn  and  alumina. 
If  it  iippears  white,  it  cdusistü  merely  ol"  alumina:  if  it 
■ppears  brown,  both  alumina  and  peroxide  of  iron  may  be 
present.  To  determine  Ibis  withcertatuty,  the  precipitutc 
and  the  filter  are  put  into  a  little  muriatic  acid.  When  tlir 
precipitate  is  <linso]vcd,  the  w»iution  is  liltercd  and  mixed 
with  a  solution  of  caustic  potash,  which  must  be  lulded 
in  excess.  Hereupon  the  peroxide  of  irou  is  pn?cipitaloil, 
while  the  alumina  remains  dissolved.  The  solulion  is 
filten'^dand  mingled  with  n  scilution  i>f  muriate  of  ammonia, 
which,  if  alumina  be  present,  produces  a  white  precipitate. 
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The  irou  tbuü  obtained  in  the  statr  ol*  pcroxidi-,  cun  have 
rxistrd  in  thv  compcmnd  nhJch  i»  under  cxiuniuatiua* 
either  as  poro^idc  or  protoxide:  to  a  solution  of  this 
compound,  a  solution  ofj^ld  is  added;  if  tbiK  prectpitiitt-s 
ui(>l»t]ic  gold,  in  the  fonn  of  u  lirown  powder,  it  is  a  pn>of 
of  the  pn-seuce  of  protoxide  of  iron. 

If  the  solution  which  has  been  filtered  from  the  precipi- 
tate ronned  by  caastlc  ammonia,  possess  n  blue  coloar,  it 
betokens  the  presence  of  oxide  of  nirkcl :  if  it  has  a  feeble 
roKC'rcd  colour, it  shows  ihnt  the  coni]H)undeoutaiiis  oxide 
of  cobaJL  The  oxide  of  col>aU  is  moreover  verj-  e-asily 
recognised,  even  wbe»  it  occurs  in  the  tinuiHcst  qunntiticü, 
and  also  when  it  is  niin!;lcd  with  nuiny  other  oxides,  by 
the  property  it  pos&cascs  of  communicating  nn  intense 
lihn>  cnlmir  to  a  ginss  of  mirrorosraic  »alt  or  liitnix  %vhea 
he:ited  tlierou  ilh,  either  in  the  outer  or  inner  flame  of  llie 
blowpipe. 

T)ie  ammoidaral  liquor  is  mint;Ie<l  with  a  solution  of 
caustic  potash.  If  a  bright  apple-erecn  precipitate  id 
produced,  oxide  of  nirkcl  is  contained  in  the  compound. 
ir  the  precipitate  iü  otherwise  coloured,  and  if,  when 
exposed  lu  the  air,  it  becomes  hniwn,  it  indicates  the 
presence  of  prob)xidc  of  mungunc-sc.  It  Ls  exceedingly 
easy  tn  convince  one's  self  of  the  presence  of  this  bttöc,  by 
an  experiment  with  the  blowpipe. 

The  solution  which  has  been  tiltcred  from  the  precipitate 
prxMlured  by  caustic  potash,  is  again  precipitated  by  liydro- 
sulphurct  of  ummonia.  Tlic  prcri]titate  is  niuxted  a  littln 
on  charcoal  bcfon-  the  bbiwpipe,  and  can  then  be  very 
easUy  examined,  l>efore  tlie  blowpipe,  for  oxide  of  cobalt, 
oxide  of  wnc,  and  protoxide  of  manganese. 

C  When  the  acidulated  ««du  lion  of  the  compound  was 
supersaturated  with  ammonia  and  precipitated  by  hydro- 
sulphuie^t  of  ammonia,  the  suUsiMiuent  Qltniiion  gave  a 
solution  which  still  remains  to  he  examined.  The  tirst 
thins  to  be  discovered  is  whether  it  still  contains  fixed 
bases ;  This  is  iK-st  learned  by  cvnporating  a  few  drops  on 
plaliiiuiu  foil,  and  i^iitiag  the  dry  residue.  If  nothing 
remains  4tii  the  |)latinum,  it  is  useless  to  carry  any  further 
the  exumiiiatiou  for  lixed  baäcs,  because,  in  this  case,  no 
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innre-  iin<  rimtainrd  in  the  solulinn.     But  U'  llicre  be  any 

rt'.sitiuc.  Ilic  solution  may  still  rontaiu  maeii^sin,  Itiuc, 
KlruntiHii,  t)Hryt4>s,  .«ocla,  nnd  potiisli.  Tlit-  fu^tlulioii  it» 
superKUturated  witli  niiiri»(i(-  arid,  in  order  tliat  tbc  excess 
of  hydroüiilpliurpt  of  uinnionia  may  be  decompoürd  ;  the- 
niixtiin^  is  warmed,  and  the  heat  i«  continurd  nntil  the 
Kdlution  iit>  longrr  snirlls  of  Kirlpliurvtted  liydro^fCn;  it  is 
then  filtered,  to  »eparatc  it  from  the  finely-<livided  sulphur 
prodiired  l>y  the  operation.  Tu  the  li[t(-n><l  Kolitlion,  u 
M^utiuu  of  catlxmati!  of  amnmni»  is  poured,  until  it  iit 
in  excess ;  the  mixture  is  \\armed,  to  drive  away  the  dis- 
cngai;od  carbonic  acid  gus.  The  ])reripilate  hereby  pro- 
duced may  consist  of  lime,  Rtrontian,  and  bnrytcs.  It  ia 
disi^otvcd  in  muriatic  acid,  and  a  {»onion  of  the  solution  in 
tf.stcd  nith  a  drop  or  u  few  driip,s  of  vrry  dilute-  sulphuric; 
avid,  or  still  better  witli  a  little  of  a  pretty  dilute  Solution 
of  sulphate  of  potash.  If  a  precipitate  is  produced  imme- 
diately, il  it»  poijtiihic  that  all  the  three  etirtb<4  may  be 
present ;  but  if  the  pi'ecipitate  is  troubled  only  aller  sonir 
time,  limo  alone  is  present.  In  the  tirst  case,  a  jKirlion  of 
the  dilutt^I  solution  is  mixeil  with  an  excess  of  dilutvtl 
tiulpliuric  acid  ;  ibe  tui\ture  i.s  warmed  iind  the  precipilutv 
is  liltercd.  The  llltcrcd  moIuUuu  is  somewhat  suporsatu- 
rated  with  imiinonia,  and  tented  with  a  solution  of  ovalic 
acid  or  of  nn  oxalate.  If  a  prcci]>itate  is  thereby  ol>t:iined, 
ai  Ica.st  after  some  time,  the  prcsrncr  of  lime  is  Indicated  ; 
but  if  no  precipitate  ap)>vars.  one  may  lie  assured  that  this 
earth  i.s  absent.— The  precipitate  produced  by  äulphuric 
neid,  which  contains  barytcs  or  strontian,  or  both  together, 
and,  indeed,  lime  also,  when  the  presence  thereof  has  been 
found  in  the  liltet-ed  litpiid,  but  not  when  the  flitrred  liquid 
ha.s  Im-cu  found  free  from  lime, — this  precipitate  \a  exa- 
mined lor  strontian  hoEbn!  tbe  blowpipe,  nbich,  according 
to  Riift/.ui.tLH {  A inr^rn/fuinf  (Us  IJi'ilhrobrs,  paifelMÖ),  is  best 
dune  in  the  follouin^  manner: — A  |Kirtioa  is  heated  on 
charcoal,  in  the  inner  flame,  fur  a  long  time;  the  hepatic 
mass  tberehy  produceil  ts  laid  on  platinum  foil  and  dis- 
mdvrd  in  a  fe%v  drops  of  niuriuMc  acid;  tlie  stilutiun  is 
evaporated  to  dr3'ncs;s;  the  salt  is  seratelied  from  the  pla- 
tinum foil,  and  laid  on  a  .small,  lon^',  ned^'c<.shaped  sirip 
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at  pn|>cr,  wbicli  i.<t  moiiitencd  %viih  alroliol  aiitl  set  «n  fin>. 
If,  at  the  poini  of  roiitiict  with  tin*  sail,  llie  llamc  is 
roltiurfd  rv^l,  the  precipiuite  iViniied  by  sulphuric  acid  con- 
sixt»  rilhtT  (>l'5iil])lm1c  ofälronlian  alone,  or  »f  »ulphiitr  nf 
.tlmuliiiii  anil  .sulphate  of  burbles  tou:ctlicr.  Hiit  if  the 
lliimi-  lie  not  colourwl  red,  there  is  iio  strontian  pre.«"«!. — 
To  drtcnniiip  with  pn-cision,  wht'ltior  or  not  the  strontian 
is  iici'tjmpuiiied  by  tmr\1(.-s,  it  itt  necessary  tu  proiTcd  us 
fullows:  A  portion  of  the  mariatic  acid  .sidiiticm  of  the 
iilcalinc  earths,  is  tcslcd  with  hyilroduosiltric  arid.  If  thi«» 
at'icra  short  lime,  produce«  u  procipitnte,  barytes  ix  pre- 
sent; if  no  precipitate  appears,  harytes  is  absent.— When 
liun-,  slroiiti»»,  and  Imrytps  have  Iw-en  precipiiulcd  by 
rarttonati'  (il'itiiininnin,  the  solution  lülercd  from  the  preci- 
pitiite  nuiy  still  contain  uia^esia,  ^oda,  und  poliish.  A. 
small  quantity  is  ttrst  cvnporatcd  luid  ieuited  on  platinum 
foil,  in  »rrler  lo  asrertnin  whether  any  tixt^l  sulistam-e 
remaiu.  To  distinguish  lhi>  indJxiduiU  iKcd  ali'^iHes  tuul 
lilt-  nm^m-sia,  a  jMirtion  of  the  soliiliou  is  teatrd  with  a 
solution  of  phosphate  of  soda.  If  this  ren$;ent,  nller  suini-- 
linic,  produces  a  white  precipitate,  it  indicates  the  presence 
of  niapiesin.  If  this  he  not  the  ease,  the  remainin;r  portion 
of  the  Motutiun  i»  rvapcirated  to  dryness,  and  the  remainder 
is  healed  tn  redness  in  a  Utile  |>orc(-tain  crucible,  and  kept 
lit  tliHt  Icroperiiliire  until  all  the  amuioniiual  salts  urr 
volatilized.  The  rfuiainder  is  dtssolvnl  in  a  very  sinull 
quantity  of  water,  a  little  alcohol  ie  added,  and  the  solu- 
tion is  tested  willi  an  .-ilcnhnlic  sohilioa  of  eiiloridi*  of 
platinum.  If  a  briirfat  yellnw  pn>ripitiiTF  »ppears,  tlio  coni- 
jKtund  couiains  potash.  But  if  no  precipitate  is  produced, 
soda  must  be  present.  Yet,  before  coniin;;  lo  this  t-tmclu- 
»ion,  the  o|icmtor  must  have  convinced  himself  that  niag- 
neitia  is  abM'itl,  and  that  tlie  solution  tiltered  fn}ni  the 
carbunutcd  earths  xlill  cont^iins  soaie  lixet)  constituent. 
If,  hüvvever^  the  chloride  uf  plalinnm  ha.s  iudicutt-d  thu 
presence  of  potash,  it  is  still  lo  bv  determined,  in  that  case, 
uheihrr  soda  is  preseDi.  This  alcali  can  be  very  ciisily 
dele<te<l,  however,  even  when  the  quautity  ol"  potash  pre- 
ponderates, by  taking  a  ]»ortioQ  of  ihe  calcined  salt,  before 
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it  is  cli-ssolvi-d  in  water  for  the  pnrpose  of  beinc  tested  vcith 
trhloride  of  phitiiium,  und  rxpDsiti';  it  on  a  platiiiiiui  wirr;  M 
to  the  »c-tion  of  the  point  of  the  inner  flame  of  Uie  blow-  " 
pipe:  if  tho  ouii^r  flamt-  in  thereupon  rotoured  blue,  potash 
alone  is  present ;  but  if  it  i»  cidoumd  .stn)njrly  yellow,  the 
rotnpound  contains  cither  soda  alouc.  or  Hodu  uud  iH>tHMb 
tofcether.  Thns,  by  tbe  chloride  of  platinum,  the  operator 
can  easily  determine  whether  potash  lie  absent  or  present ; 
by  ihe  colouriuic  of  the  blowpi|>e  (lame,  he  eaii  draw  the 
Knme  conchisions  with  regpert  to  soda. — If,  however,  the 
-soliiliim  filtered  from  the  rurbonated  earths  really  eontains 
itiu];ri(-.siii,  the  fiirlher  e\(iniiiialinn  ol  it»  content»  is  ren- 
dered more  difficult  A  portion  of  the  filtered  ^iolntioll  ia 
evaporated  to  dryness,  the  drj'  residue  is  heated  to  red- 
ness, and  then  dissnUed  in  water.  Tn  (his  solutinn,  a 
solution  of  acetate  «if  barytes  is  added  in  excess,  where- 
upon the  sulphnric  acid  is  separate<l  by  the  precipitation 
of  sulphate  of  bar\te.s.  'ITie  solution  is  ajnin  filten-d,  and 
now  contains  the  excess  of  acetate  of  barytes,  acetate  of 
magnesia,  and  the  alcalies,  if  they  arp  present,  also  in  the 
slate  of  arelates.  'Hie  solution  is  evaporalwl  to  dryness, 
and  the  dr)-  residne  is  Itcutrd  to  redne.<is.  The  jmMlurt  la 
put  into  water;  the  harytes  and  m»;n)esia,  whii;h  evist 
now  in  combination  wilb  carbonic  acid,  remain  undis- 
Kolved.  If  the  heat  has  been  very  struof;,  the  magnesia  Is 
deprived  of  carbonic  acid  and  is  redu(*d  to  the  caustic 
state,  yet  it  is  still  insoluble.  But  the  alcalies,  if  these  be 
present,  dissidve  In  the  water,  and  give  a  soltiliun  of  alca- 
linc  carljonates.  It  is  now  easy  to  be  convinced  of  the 
presence  and  nntarc  of  the  alcalies  in  the  solution,  by 
chan^ng  them  into  chlorides  by  means  of  muriatic  arid. 

On  account  of  Ihe  method  of  thin  analysis,  it  is  impo.s- 
slble  to  detect  the  presence  of  ammonia.  This  is  dis- 
coTered  by  heating  the  substance  to  be  examined  in  a 
solution  of  caustic  potash.  An  ammoniacal  odour  is  pro- 
fluctMl,  and  if  H  ^las.«  rod  moistened  with  muriatic  acid  is 
held  over  the  solution,  wliite  Tapours  are  formed. 


COMPLEX  80LVBLB  COMfOlTNOS. 


31 


IF.  Method  of  proeeediag,  to  deleet  the  Acida. 

A  portion  of  the  concent raleil  solatitm  of  the  rompound 
Ls  lir?it  IcKlttI  Willi  diluted  uiuntitic  acid,  in  order  tu  ascer- 
tain whether  carbonic  acid  or  sulpliiir  lie  present.  If 
eflVrv psceiice  is  produced,  and  if  the  gas  (bat  escapes  in 
inodorouti,  it  is  ut  once  dctpnniiKHi  that  curlmnic  acid  is 
prcM'nl  und  tlial  .stilpliiir  is  i«li5cn(;  but  it'  the  gas  tlml 
escnpcri  pussi>ä.<tes  the  v-vW  known  odour  of  siilphurcttnl 
UydruKen  p\s,  then  the  compound  cuntainH  siilphar  in  the 
state  of  u  inclaUic  sulphuret.  Id  this  case,  il  may  iiIko 
contain  carbonic  ucid,  »hose  presence  will  be  tarlber 
indicated  by  another  operation  of  the  anal)sis. 

Another  portion  of  the  conccntrutcd  solution  of  the 
compound,  which  must  be  ucutrul,  or  at  least  not  acid,  is 
tested  with  a  solution  of  chloride  ut'  Imritim.  Instead  of 
the  solution  of  dihiridn  of  buriiim,  it  is  uecesüary,  when 
tile  coni]Kiund  contuins  protoxide  of  lead,  oxide  of  silver, 
or  protoxide  of  mercury,  to  employ  a  solution  of  nitrate  of 
bar)'tcj*.  If  a  precipitate  i»  thereu|M>n  produce*!,  the  com- 
pound can  have  for  constituents  .iiilphnric  acid,  ))hos])horir 
acid,  arsenic  acid,  boracic  acid,  and  fluorine.  When  also 
rarlMmir  acid  is  prcsi-nt,  a  precipitate  cun  Ih>  thereby  pro« 
duced,  on  the  addition  of  a  solution  of  chloride  of  barium. 
— Hereupon,  diluted  muriatic  ucid  is  added,  or  instead 
tlivn-of,  diluted  nitric  acid,  uhen  nitnite  of  barytes  has 
b0en  employed  us  the  precipitant  If  llii>  precipitate  funned 
by  the  iiarytic  salt  is  then  complelelv  reiliiwolved,  tlie 
compound  contains  no  sulphuric  acid.  Ifit  dissolves  with 
cffer\c«ccnce,  and  doea  urn  reappear  when  the  acid  solu- 
tion, which,  however,  must  not  contain  too  much  acid,  but 
only  as  little  as  possible,  is  boiled,  and  saturated  with 
ammonia,  il  is  a  proof  that  the  precipitate  formed  bv  tlie 
bai'j'tic  salt,  oriiriuiilrs  entirely  front  carbonic  acid,  the 
presence  of  whirli  lut.-;  already  Ih-cii  I'uund  by  another 
experiment-  If  it  dissolves  in  the  acid  with  effen  escence, 
bat  nrappears  when  the  solution  t.'«  .saturated  with  am* 
monia,  tlien  is  carbonic  acid  present  in  company  with  one 
or  more  of  the  above-named  acids.    If  this,  however,  ix  nut 
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tbo  case,  the  compound  may  still  coalaiii  phosphoric  acitl. 
arsimic  acid,  boracic  acid,  and  fliiorinc.    The  presence  of 
arsenic  arid  is  detected  by  the  trcatmi-nt  uitb  liquid  sul- 
phuretted hydrogen.     The  presence  of  no  niptallir  oxide 
can  render  iiidistinrt  the  rnlnur  of  the  pn'<-i|>itiile  lhen(*n 
originating;  for  if  thi.t  itcid  l>e  pre.sem,  alcalieft  alouc  cau  _ 
nccoiupfiQv  it,  because  tbe  coniponnds  which  it  fomiä  withfl 
earths  mid  metallic  oxidci;  are  iiiäolnblc  in  wuier,  except 
(hey  h.TVe  an  excess  of  aeid.     It  is  still  easiiT  to  conviuce 
one'ft  self  of  the  presence  of  arsenic  arid,  by  mean.*«  of  thafl 
bb>»'|>ipe.     The  presence  of  bdrarir  aeid  is  fnund,  when 
the  coniponnd  i.s  luin^lL-d  nith  siilpliuric  aeid  and  ahobo). 
Und  the  latter  is  sei  on  tire,  whereapon  a  KTccnitih  coloured  ■ 
flame  is  |)ruduced.    The  prt-senci-  of  Huorine  is  detccl«'d  by 
ihe  ditien>riigenient  of  vapours  which  coiTodc  ^Inss.  «hen 
the  compinind  is  trinited  with  sulphuric  arid.  Tbe  presenro  ■ 
of  phosphoric  acid  is,    however,  much  more  dillieuU   ol' 
detection.     If  the  upenitur  has  conviikced   himtM.>lf  tbaC 
arsenic  ueid,  liomde  aeid,  and  fluorine  arc  ubsenl,  tlien 
be  can  ascertain  the  presence  of  phosphoric  acid,  by  test- 
in»  the  runcentnited  solution  of  the  (-»mpuiind,  %vith  a 
solution  of  rhiiiridc  of  barium  or  ehluride  t»f  enlejum;  a 
precipitate  is  produced,  which  disappears  on  the  addition 
of  muriatic  acid  or  nitric  acid,  and  renppeHrs  uhcn  tbo 
aeid  is  Kalunited  utth  animuuia.     But  if  those  acids,  or 
■  only  one  or  some  of  them  are  present,  he  must  satisfy 
biraiielf  of  the  presence  or  absence  of  phosphoric  acid  by 
1  Other  method.«. — If,  for  example,  of  all  tho^  acids,  only 
L^rsenic  acid  be  present,  it  must  be  separated  by  mfans  of 
[li(]uid  Kitlphuretted  hydrogen.     So  much  of  this  reagent  is 
ndiled.  ihiit  thi>  solution,  nhicli  must  pri-xiuusly  have  beeu 
n-ndcrt-d  acid,  stnm^'ly  huicUs  thcrtof.     The  mixture;   i» 
boiled  a  tittle,  and  tbe  precipitated  sulphurct  of  arsetUc  in 
si'pnraled  by  filtration.     Ry  the  examinatiiui  of  the  clear 
suhition,  whiTii  il  lia.i  been  previously  neutralised,  the  ope- 
rator can  ascertain  by  means  of  a  solution  of  chloride  of 
barium  or  chloride  of  calcium,  whether  phusphorir  acid  bo 
presi'nt  or  absent — If  merely  fhiorine  be  pri-.scnt,  thir  rom- 
powid  is  mi\ed  with  sidphurie  acid,  and  heated  In  a  little 
platimim  crucible,  no  Ume  >'i.s  it  Kives  out  VH[MiurK.     The 
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residue  is  dissolveil  iu  walor,  a  littlu  muriatic  arid  id 
addod,  and  tlieii  a  .solitlioii  of  chlorido  nt'  Itariui».  Tlie 
pret-ipi lilted  sulphiitt*  of  Imrytes  in  KejMinitcd  bv  äKraüun, 
and  tlie  tillered  solution  is  su(urat«d  with  amniunia  ;  there- 
upon, the  presence  ofphoi^plionc  acid  \till  be  indicated  by 
a  prct:ipitate.— If.  however,  bonicic  acid  is  present,  one 
Can  soou  Ascertain  whether  phosphoric  acid  is  alao  present. 
This  is  the  case,  when  the  precipitate  which  is  produced 
by  KolntioDS  of  chloride  of  hariiini  or  chloride  of  ratcium, 
äovs  not  disitppcnr  uti  the  addition  of  a  large  quiintity  of 
water,  which  it  docs  when  it  results  from  the  presence  of 
boracir  acid  aloac. 

If,  now,  a  soliiiion  of  chloride  of  barium  ha>;prm[ueed  in 
the  concentrated  solution  of  the  compound  a  precipitate 
which  does  not  disappear  on  the  addition  of  dilated  muri- 
atic arid  or  nitnc  arid,  or  of  nhich  vn\y  a  porlina  is 
thereby  dissolved,  it  shows  tJiat  the  couipuund  i-iiutaias 
sulphuric  acid.  Whether,  in  addition  to  this,  tlie  compound 
also  contains  arsenic  acid,  phosphoric  acid,  boracir  arid, 
or  fluorine,  is  kamcd  by  coulinuin«:  the  examination  of  the 
solution,  previously  filtered  from  the  precipitated  sulphate 
of  barytes,  in  the  manner  which  has  jnst  been  describwl. 

Tlie  presence  of  a  chloride  is  demonstrated,  when  a  solu- 
tion of  the  substance  to  be  examined  produces,  with  a 
aolution  of  nitrati*  of  silver,  a  white  precipitate,  which  is 
not  dissolved  by  diluted  nitric  acid. 

Finally,  the  presence  of  nitric  acid  is  detected  by  stww- 
IDfc  a  Utile  of  the  compound  on  f^Iowin^  coals,  upon  w  liich, 
if  nitric  acid  b«^  [treaent,  dcdaio^tion  ensues.  Moreover, 
(be  niclhods  of  dcleclinf^  this  acid,  which  will  be  describe<l 
in  a  subaeqacnt  section,  cun  be  ctoploycd  in  this  cose. 
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SECTION  V. 

InstrurtioHs  far  t/u  qvalitatirt  traminatio»  of  mixed  Com- 
poumb,  irhUh  are  either  quite  insolubU  in  wratfr,  or  only 
mluhlc  IN  jmrt,  but  «/tich  are  compteteiy  solul/if  i«  nittritttif: 
or  nitric  acid,  and  the  coastitaeKts  of  ichich  art  amatty  the 
tubflaaeet  taaitioiied  at  page  5.  ^ 

Thr  compiKind  to  be  ex  »mined  is.  first  tn'ated  irith 
water.  Il'  a  portion  of  it  is  dLssi>lve»i,  the  solntinn  is  to 
be  examined  accordini:  to  the  method  which  has  boca 
descrilM'd  in  Jsoctton  IV. — If  the  compound  docs  not  dis- 
solve in  water,  it  must  be  diKsolved  iu  niuriatir  acid,  ur. 
wlien  protoxide  «f  lead,  oxide  of  silver,  ur  protoxide  of 
niemin,'  are  present,  in  nilric  acid.  The  action  is  pro- 
Iniitr«!  I>j-  the  application  of  heat,  especially  when  snlphu- 
Tcts  are  presetit.  The  insoluble  substance  which  remains, 
nhen  n  portion  of  the  compound  hn^  been  dissolved  by 
«'»ler,  is  treAted  by  on  acid  in  tlie  same  manner. 
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The  method  of  pnirrcdin«;  in  litis  analysis,  in  order  Xn 
discover  the  ba^cs  in  the  acid  solution,  is  verj-  fiimilar  ti» 
that  prescribed  in  the  fourth  section,  for  the  exiirainntioit 
of  comjiounds  nliich  are  soluble  in  n-nter.  But  a»  it  was 
unneccs.-iar>',  in  the  pitTciIinK  anahsi-t,  tu  p»v  uuy  rt^fard 
1o  earth-s  and  metallic  o\ided  whent^vcr  phosphoric,  arsenic, 
ruriH^nic  and  bomcic  aiids  were  pretteut,  or,  on  the  other 
baud,  to  search  for  lhe.se  acids  when  earth.s  and  metallic 
oxides  were  pn.>si>at,  ttiuce  the  compounds  uhich  tlieso 
Kulmlaiices  form  nith  one  ajiother  are  not  soluble  in  water, 
and  a:«  it  is  here  nececLsar^-  to  take  thoM'  nHU}H»iDds  into 
consideration,  so  the  method  of  the  analysis  is  unavoidably 
subjected  to  sevcrnl  niodilications.  These  are  so  eKieiuled 
as  to  include  a  process  fur  the  detection  of  sulphur,  which 
in  the  preredinj!  analysis  was,  fur  the  reaiious  just  men* 
tionrd.  qutir  iM^iccied  when  the  compound  contaioed 
metallic  uxidea. 
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A.  The  ucid  solution  is  roinirli^l  vvitb  liquiil  »iilpliu- 
rcttcO  hydrogen,  aiitl  tfac  rtniuitiu^  iireci^itutt  is  itHei-nardä 
treuied  with  hriiroäulphuret  of  anunonia,  precisely  in  tlie 
manner  Hhirti  has  bet-ii  ile^rJtied  in  thi>  precfdini:  iiiHlruc- 
tiuH-s  «t  p.i(ir  *J2.  II'  ttic  t'umpuinid  aintnins  ursi-uic  acid, 
this  tikeKiiMi  icircs  a  prrci)>ilatc  with  liquid  sulphuretted 
hydrogen,  nnd  (hi>  iirt-dpilatcd  sulpliurft  ofurscuic  is  like- 
wise ditMolvfil  by  the  hy(lrosulpliur<>t  o(  iimiiiuiiia.  If  in 
this  case  p(>ruxide  of  tin  and  pmtoxidc  of  antimony  are  also 
pri'M^nt,  it  is  often  diUimlt  to  diitcriiiiinali'  the  three  sü\t- 
tilunre«!  nilh  certainty,  and  tu  demonfftnitc  tlirir  cu-tr\i&t- 
CDCC  iu  the  compound.  Tlic  pn*scncc  of  unit-mc  ucid  is 
then  easily  detected,  when  the  substance  is  treated  with 
swia  on  cimiroal  Itefore  the  lUowpipe.  The  presence  of 
protoxide  of  antimony  is  made  known  by  the  orau)!e  yrllow 
precipitate  nbicli  in  formed,  »hen  the  solution  of  the.  »ul- 
pbun^t  in  hydro^ulphurct  of  amuioniu  is  diluted  with  water, 
ami  decomposed  by  muriatic  acid.  Bui  it  is  more  üiflicult, 
when  both  these  siil>&lnnces  are  ptesent,  to  dett^rmine 
whether  |>eroKide  of  tin  he  pre.<;ent  or  not.  The  l>cst 
method  of  pnxx-eiiinc,  in  thiil  case,  is  as  follows;  The 
Kolulioii  of  the  sulphurct  in  hydrosulphurel  of  amiiiouia,  is 
diluted  with  water  and  precipitated  by  diluted  muriatic 
arid.  The  prtKripiiatcd  sniphiiret  is  drift),  and  .strori[;ly 
h«al«>d  in  a  gila;^  lube  du.se«l  at  uite  end.  When  it  i»  pos- 
sible, the  access  of  atnuuplieric  air  should  be  prevented 
during  Üie  i^itiuii.  By  this  oprraliiin,  sidpliur  and  »iil- 
phurcl  t>f  urM'mc  arc  sublimed,  and  siiiphuret  of  tin  and 
aulphurct  of  antimony  in  miaimum  of  sulphur  remain 
behind.  Tliis  remainder  is  dis.>iolved,  uitli  liie  ussistuucc 
of  beat^  in  roueeiitr.itcd  uiuriuu'c  acid,  and  the  solution  is 
diluted  with  water.  It  then  cunlains  protoxide  of  anti- 
mony, uctomptuiicd  by  iirotoNide  of  tin,  if  the  compound 
contained  peroxide  of  tin.  Tlic  jtrcscnce  of  proto\ii)e  uf 
tin  in  the  solution,  can  be  easily  detected  by  means  of  a 
solution  uf  gold. 

If  tile  MulpliureLs  precipitated  from  the  acid  solution  uf 
Itie  irum|Kiuud,  by  liquid  .sulphuretted  hydroceu,  hate  only 
partiatty  or  not  at  all  dissiilved  In  bydrosulphuiet  of  ani> 
muniu,  the  compound   may  contain  oxide  uf  cndiuiuui^ 
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proloxid«  of  lead,  oxide  of  bisnmlh,  deiHoxide  of  copper, 
oxide  of  silver,  protoxide  of  mercury,  and  peroxide  of  mer- 
cury. ThcÄc  metals  arc  discriminated  by  cxprrimcnia 
pcrl'urmed  according  to  the  nietliod  described  id  the  pre- 
ceding sertion,  at  page  '24. 

ft.  Til«  Holutioii,  separated  from  (he  proeipitali)  pro- 
duced by  liquid  HirlplmreitL'd  hydru<'L>ii,  ih  iiow  examined, 
in  the  manner  described  in  the  pref-eding  section,  to  nscer-  M 
lain  wlirtlirr  it  still  t-ontains  any  fixed  bases.  If  tliis  Im*  ■ 
the  case,  tlie  Kolution  in  »uprrKuttirated  with  ummonia,  und 
tested  with  hydrosulphnret  of  anmionia.  The  precipitate 
(hereby  priMliic»)  <»n  lie  attributed  to  the  pn-sunct*  of  per- 
oxide of  iron,  protoxide  of  iron,  oxide  of  nickel,  oxide  of 
cobalt,  oxide  of  zinc,  protoxide  of  manganese,  and  ahimiDa. 
It  may  qIho  contain  niaiEirnesia,  lime,  stioutian,  and  harytes, 
when  the  eomiwund  contains  either  these  earths  rombined 
with  pliosphorie  or  boraeic  acids,  or  their  mrtiillir  Imse« 
conihincd  with  fltiurin«.  This  precipitate  is  ta*uled  very 
nearly  in  (he  manner  that,  in  the  foregoin^  section, 
hits  been  recommended  for  the  examination  of  the  baseH 
preeipitated  under  sirailai-  circumstaiices.  It  is  digetttetl 
with  mariatic  acid  or  aqua  regia,  and  the  filtered  Noluiion  ■ 
is  in  liir  first  phiie  heated  wiiii  nitric  acid.  Tliereupon, 
diluteil  Mil|ihurt('  acid  is  added  to  ihe  solution.  If  stroii- 
tian  and  huryte.-*  are  present,  they  are  hereby  fully  precipi- 
tated, in  the  state  of  sulphate  of  älrontian  and  sulphate  ot' 
bar}'tes.  Limt  alsu,  if  present  iu  large  quantity,  and  the 
solution  is  not  too  dUute,  is  partially  precipitated.  The 
liquid  is  liltered  and  the  precipitate  is  treated  %\ith  n  Inr^e 
quantity  «if  water;  if  none  of  it  isdiswdved,  it  can  contain 
only  üulphnte  of  stronliau  and  sulphate  of  barytes;  but  if 
a  portion  is  dissolved,  tit«  sininlian  and  burjtcs  can  b« 
accompanied  by  lime.  It  is  tlien  easy  to  demonstrate  tliu 
existence  of  lime  in  the  tittered  liquid,  by  testm^  it  »itU 
(lie  solution  of  an  oxalate.  The  iiu>ultible  n-muiuder*  ^ 
which  may  consUt  of  sulphate  of  sirontian  and  ifulpbatD  ■ 
of  bur^'tes,  is  examined  before  the  blowpipe,  in  the  uiatmer 
Mliich  has  been  described  at  pa(^  28,  in  the  preeediug 
aectioD.  If  (bis  examination  proves  that  strontian  is 
absent,  the  insoluble  sulphate  contains  merely  baryta 
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but  if  the  experiment  shows  that  strontinn  id  prtsful.  the 
Mulptiate  may  still  votitain  baryti*}:  al.10.  In  nnltr  to  delor- 
niitif  iliiit  with  accuracv,  the  procipilatcd  siilphales  must 
he  boik'd  with  a  solution  of  carfoooate  of  potash,  or  i:ar(ft)> 
Date  of  soda:  the  Kolutton  miiHt  t>r  poiired  off,  and  the 
rentaioder  trrattnl  with  muriatic  acid.  In  Ihc  «olalioa 
formpd  hy  the  muriatic  arid,  the  presence  of  bar>'tcs  can 
be  detected  by  hydroHuouilicic  acid. 

The  solution  filtenxl  from  the  earthy  sulphates,  is  super* 
saturated  with  nmnioiiia.  By  this  means  peroxide  ofirun 
and  alumina  tire  prc-cipitated;  but  if  tlic  solution  cootaiu 
phosphoric  acid,  then  maxneitia  also  may  be  thrown  down 
by  the  amimuiia.  Thi!  |)Tt>4-i|)il;i1c  isbniled  ^^ith  a  soluttnn 
nfrauKiic  poiash,  Aihen-Jti  the  Hluiuiua  disKolvcN,  while  the 
[WToxide  of  iron  and  the  ningnesia  remain  undissolved,  the 
l«tu-r  loNinir,  by  the  «HK-rutiou,  the  gTcat<?r  pnrt  of  us  [thus- 
phoric  acid.  The  alumina  can  lie  prccipilated  anew,  by 
means  of  a  Kolution  of  sal  ammoninr.  The  presence  of 
peroxide  of  iron,  in  the  Insoluble  residue,  is  easily  ret  -tg- 
nised  by  means  of  the  blimpiiir;  but  that  of  mnencsia,  it 
is  more  diSicult  tn  detect.  The  insoluble  residue  must  be 
dissolved  in  oiiiriatic  acid,  and  the  acid  folution  must  be 
80 persat united  uitli  nmmonia.  Uereupun,  tlie  pt^roxideof 
imn  preeipiialeÄ,  while  the  greater  part  of  the  maf-nesia 
remains  in  solution,  and  can  be  indicated  hy  various 
rciigenis. 

The  solution  which  has  been  tilierc^l  from  the  precipi- 
tftteil  peroxide  of  iron,  nhimina,  and  ma^ne.siH,  can  still 
contain  thepreater  pro|ioiiion«f  the  oside  of  nickel,  oxide 
of  ctthalt.  pr»ito\idc  of  luan^nese,  and  oxide  of  zinc.  It 
must  be  examined  precisely  according  to  the  uiethtid  ;t  hicJi 
has  l)een  described  in  the  preceding  section,  at  page  27. 

('.  The  solution  which  had  been  superstiiiiraled  with 
amnioiiia,  and  then  precipitated  l>y  hydnisuiphiiret  of  nm- 
monia, bavin);  been  filten'd  from  the  precipitate.  iTmains 
still  to  l»e  i-Miinined.  In  tlie  first  place,  it  must  In-  fmiad 
whether  it  still  contain  any  lixed  constituents.  If  thi.s  |>c 
the  case,  the  farther  analysis  is  carried  on  precisely  accord- 
Ine  to  the  method  described  at  letter  C,  in  the  |)receding 
jtection  (page  27).— It  yet  remains  to  be  rrjuarkcd,  that  it 
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isstcarccly  necessary  to  apply  rnagciits  I'nr  the  detection  of 
the  alcalirs;  bocaiLse  the  atids  wbicb  arc  here  taken  into 
coiLsii I« ration  t'orm  only  .snluhlc  salt»  with  the  alcatip». 
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The  discover}'  uf  the  acids  is  more  diftinilt  with  these 
coni|>oumls,  than  with  th(is(>  which  iirr  sultilil(>  in  water. 

The  prcspiice  of  carbonic  ari»!  is  always,  and,  tbai  of 
sulphur  sometimes,  discovered,  by  the  effervescencp  pro- 
duced when  the  KUh!»tancc5  lor  examination  arc  put  into 
dilute^l  muriatic  acid.  If  (he  (;»»  which  e.<)ca])es  during  the 
elTervesrence  is  inodonms,  it  is  carbonic  acid  gas  alone; 
but  if  the  guK  smells  of  »ulphorctlrd  hydrogen,  the  com> 
)HJund  niuy  contain  both  .sulphur  und  carbonic  ucit).  In 
(hid  case,  it  itt  necessary  to  analyse  the  dtscns:a^ed  gas. 
With  Ihi»  view,  u  portion  of  tlie  Kubsttinrc  fur  examina- 
tion in  decomposed  by  diluli-'d  muriatic  acid,  iu  a  glass  ^ 
which  can  be  closed  by  a  corik  through  which  passes  afl 
little  gitiss  tubr  bent  twice  nf  n  rifrlit  angle.  By  means  of 
this  iipiiunitii.s,  the  %a»  \»  led  into  a  »oluliuu  uf  chloride  of 
barium,  to  which  a  little  ammonia  has  previously  been 
added.  If  thecurrent  of  jjas  produces  a  white  preeipiialc, 
which  disüolvcd  willi  flTervcäccnce  in  muriatic  acid,  tbo 
compound  contains  carbonic  acid.  It  is  neceRsary.  in  this 
etporiment,  to  protect  the  solution  of  chloride  of  barium 
Irom  the  access  of  atmospheric  air. 

A  portion  of  the  compound  in  dissolved  in  muriatic  acid, 
or,  if  o^ide  of  silver,  protoxide  of  mercury,  or  protoxide  of 
lead,  are' present,  Jn  nitric  aiid.  The  solution  is  diluted 
with  water,  and  tested  with  »  »oltitJon  of  chloride  of 
barium,  or,  if  nitrie  arid  instead  of  muriatic  acid  has  been 
eniploycil  as  a  »olvent,  wilh  a  sobition  of  nitrate  of  barytcs. 
It',  thereupon,  n  white  precipitate  appears,  the  compound 
contains  sulphuric  acid. — A  portion  of  the  compouial  i« 
bealed  with  nitric  acid.  If  the  decomposition  is  accain- 
panied  by  the  discn;;ai;cment  of  yellow  vapouitj  of  nitrous 
ucid,  and  by  the  dcpoiiitioa  of  sulphur,  luid  if  the  add 
soliiiion,  altered  and  diluted  \«ilh  water,  produce.^  with  a 
sohilion  of  nitrate  of  barylcji,  a  white  precipitate,  iho 
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compound  contains  a  sulphurct.  When  the  Hiilpliiir  ü 
cuinhitied  with  merfrur^',  nqua  regia  instead  oC  nitric  arid 
mnNt  \ic.  pmplnyed  to  tleroni|>ose  it.  In  this  rase,  ililorine 
{,1  liiscngHgrd,  and  not  nitrous  arid.  (8ce  8ertiun  II. 
I»aec  18.) 

A  portion  of  the  compotind  is  disMilved  in  nitric  acid,  if 
püitttiblf,  williimt  thi^  aid  nl'hi^at:  (lit!  liiiluliuit  i»  diliite4l 
with  watiT,  and  tested  with  a  ttotutioD  of  uiirate  uf  silver. 
The  prtidurlion  uf  a  white  curdy  precipitate,  indicates  the 
pxistenre  of  a  t  hloridc  in  the  nunpoaud. 

It  is  next  cxamiDcd,  whether  the  compoand,  on  bein^ 
mingled  in  a  platinum  rnicihlt;  with  sulphuric  acid,  diiien- 
g«fi^  a  );hk  cajuihte  nf  corrmline  gla»s.  If  It  doe»,  the 
prcMcnce  of  a  fluoride  is  Lnown. — It  is  oiioKk-d  uiih  -sul- 
phuric arid  and  alcohol,  and  the  latter  is  iDlInmt-d,  in  order 
that  it  may  be  seen  whether  boracic  acid  Iw  present,  which 
is  knon-n  by  the  green  colour  it  communicates  to  the  tlamc 
of  luirning  alcohol. 

The  preitcncr  of  nitric  acid  i»  detected  by  throwing  a 
portion  of  the  roiupuuiid  on  Imrniai;  coals. — The  prrseac« 
ol' arsenic  acid  is  found  by  means  of  the  blon'pipc. 
.  The  presence  of  phosphoric  acid  is  very  difficult  of 
detection  ia  these  compounds.  The  substance  can  be 
ciinmiued  before  the  blowpipe,  tucording  l»  the  process  of 
fiKRZBLiU»;  yet  it  is  necessary  previously  to  asccrttiin 
the  ubsence  of  arsenic  acid,  of  i^ulphuric  acid,  and  of 
sulphur,  and  also,  aaordin;;  to  the  »tatemeat  of  Ftciis,  of 
lioracic  acid. — The  detection  of  phosphoric  acid,  in  the  wet 
way,  is  attended  by  many  ditlieulties.  If  the  b;i.<<es  con- 
tained iu  tlie  substance  to  be  examined  cousist  solely  of 
metals  which  can  be  precipitated  from  tiieir  acid  Wfljtitm 
by  liquid  sulphuretted  bydro|;en,  the  separation  of  tbo 
buäe^i  is  effected  by  nteans  of  this  reagent,  the  solution  i« 
liltered  fmm  the  precipitaieil  .sulphurcts,  and  is  examined 
for  phosphoric  acid,  in  the  manner  which  has  been  de- 
srribtMl  in  Section  IV.  (pa;;e  S2).  The  sfduliou  inu<ii 
previously,  however,  bo  freed  by  heat  from  the  excess  of 
Ktilphurelted  hydrogen.  If  phosphoric  acid  Ix-  precipitated 
by  a  solution  of  chloride  of  calcium  or  chloride  of  barium, 
fnim  a  solution  previously  rendered  amntouiacal,  it  is  still 
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indispensably  necessary  to  prove  that  tlie  precipitate 
f(irnii-<1  is  adiiully  pliiispliati"  of  linir  ur  ol'barjtcs.  With 
Ulis  object,  it  is  i?\aiiiiued  for  boracic  acid  and  lluorin<v 
and  Üien  tried  before  ibe  blowpipe  for  pbosphon'c  aciil. 
If,  on  the  contrary,  the  bases  coTisisI  of  mrtiiiiic  oxides 
vbich  can  be  precipitated  by  hydrosnlphiiret  of  aniroonia 
from  the  acid  solution  previously  superüutii rated  with  am- 
monia, and  are  cnnsequentlv  cnniprispd  amonj;  jwrtixirle 
of  iriMi,  prutoxide  uf  iron,  tixid«;  of  niikcl,  oxidr  uf  cobalt, 
ovide  of  nut-,  and  protoxide  of  man^rane^c,  Iben  they  are 
8iibiiiitli-d  to  the  action  of  this  reagent ;  the  solution  is 
fillcrtid  from  the  preripitait-,  uiiiiglwl  with  diluted  muriatic 
acid,  and  digested  until  it  no  longer  smells  of  sulphuretted 
hydrogen.  It  is  tlien  separated  from  free  sulphur  by  tillru- 
tion,  and  exuminrd  for  phosjiboric  arid  atti-r  thtr  same 
methuJ.— If  tbe  bases  consist  of  alumina,  magnesia,  lime 
slronttan,  and  barj-tes,  the  dtUwtion  of  phosphoric  acid  is 
ditlicrult,  especially  if  the  nmipciiintl  contains  also  niHtnllm 
oxides  which  can  he  precipitated  only  by  hydrosulphiiret 
of  ammonia.  If,  on  (be  other  hand,  Ihene  earths  arc  alone, 
or  are  accompanied  by  äiich  metallic  ortides  only,  as  can  bo 
precipitated  from  their  acid  solutionis  by  liquid  sulphuretted 
hydrogen,  ibe  presence  of  phosphoric  acid  can  be  detected 
in  the  folkminj^  manner:  Tlip  »cid  solution  is  precipitated 
by  litpiid  sidpburctlcd  liy(tro|!'(-u,  filtered  fnuu  the  sulpbu- 
rets.  and  supersaturated  nith  aniuionia.  The  earths  are 
hereby  precipitated,  provided  they  were  combined  with 
phnsjihorie  acid.  Supposing;  aow,tbat  merclv  lime,  stron- 
lian,  »nd  baryles,  u  ere  present,  the  production  uf  a  precipi- 
tate by  ammonia  is  a  pnMif  of  the  prcscjice  of  phosphoric: 
acid;  nevertheless,  (he  oprrator  must  convince  hioisetf 
that  tlie  precipitate  contains  neither  fluorine  nor  boracic 
acid,  and  prove  by  the  hlo»pi|)e,  that  it  contains  phos- 
phoric acid.  If  the  solution  contain  niajinesla,  that  earth 
is  also  procipitatetl  b,v  aaunoniit.  provided  that  plio.sphoric 
acid  be  present.  This  is  the  case  even  when  the  solution 
contains  so  much  muriate  of  ammonia,  that,  were  phos- 
phorie  acid  abscHt,  maftncsia  could  not  be  precipitated  by 
ammonia.  Alumina  is  also  precipitated;  but  the  precipi- 
tation of  this  earth  byaiunmiiia,  isiio  pnwfof  the  presence 
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uf  phosphoric  acid.  The  precipitated  alumina  mnst  be 
exmuitied  for  (he  pbanphoric  acid  it  may  contain,  in  the 
tuaniit-r  uhich  nil)  tie  described  under  tlie  head  of  Pbu»< 
phoric  Acid,  in  the  seventh  scction.—Itnt  if  tlic  sulistance 
for  examination  contain»  not  only  these  cnrthrt,  hut  ntsu 
peroxide  of  iron,  protoxide  of  iron,  oxide  of  nickel,  oxide 
of  cobalt,  oxide  of  7.inr,  or  pmtoxiilt!  of  nmn;;»ne.>ie,  to]^- 
ther  with  ih«  metallic  oxides  »hieb  can  he  precipitated 
fnmi  acid  »«ituiion:«  by  liquid  sulphuretted  hydio^^in.  ilic 
exnniiiiation  mutii  then  l>c  cxerutrd  in  <)iiite  Hnulhcr  man- 
ner. TheiiubstiiDCc  to  be  examined  is  di^solrcd  iu  muriatic 
acid,  and  the  solution  is  mingled  with  liquid  »culphuretted 
hydro^n,  in  order  that  the  metals  precipitable  by  that 
reagent  may  be  scpnnited.  The  solution  in  liltirred  and 
heated  until  it  ceases  to  amcll  of  sulphuretted  hydrogen. 
Thereupon,  dJIutctl  .sulphuric  acid  is  addird,  by  »hieb 
barytcs  and  strontian  are  precipitated,  a$  also  can  lime 
be,  provided  n  siilHrient  qnantily  of  alcohol  lie  added  to  the 
solution  tn  render  the  sulphate  of  lime  insoluble.  The 
solution  is  filtered  fmm  the  precipitate,  and  when  lime  has 
been  precipitated,  the  Solution  is  hentud  until  ull  the 
lücoliul  ba^  voliitilized.  If,  now,  the  solution  cnntnins 
neither  ma^csta  nor  nluminu,  but  only  Kuch  metallic 
u\ide.s  aj)  can  lie  prceipiuted  by  hydrosulphurct  of  am- 
miiuia,  the  solution  is  rendered  ammoniacal,  the  melalü  are 
precipitated  by  hydrosulphitrel  of  lunmnnia,  and  the  filtered 
liquid  is  cxamimrd  for  phoäpboric  acid  iu  the  manner 
already  descri]M>d.  But  if  thoso  two  earths  are  present» 
the  solution  is  mingled  «ilh  an  excess  of  a  sidutinn  of 
caustic  puiash,  and  the  mixture  is  boiled,  whereupon, 
protoxide  of  iron,  oxide  of  nickel,  oxide  of  cobalt,  prot- 
oxide of  mtui^iuiesc  and  mat;ni\siii,  prt-c-ipilntc.  In  most 
Cliscs,  a  small  proportion  of  the  phosphoric  acid  is  corriL-d 
down  by  this  precipitate,  yet  the  principal  part  of  it 
remains  in  the  fdten'd  solution,  and  ran  be  themii  r)e- 
lectcd  in  the  fulluMing  manner:  A  slight  cxcexNufmnrialic 
arid  is  first  added,  and  then  u  sulutinn  of  chloride  of 
barium,  which  produces  a  precipitate  of  sid]>hateorbarvtes. 
The  solution  i«  tillered,  and  mingled  %*ith  ammonia,  «hich 
precipitates  pha<tpba(e  of  baryte.i.—But  if  oxide  of  zinc 
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and  nltiniina  ar«  present,  the  phosphoric  acid  duisolve«! 
with  tliem  in  the  caiisiir  potash.  If  iwide  of  zinc  alone  isj 
pre»>iit,  it  is  pretTtpitale«!  I'rniii  the;  üolution  iu  craiijitiej 
jMtaitli  hy  byclra<!ulphuivl  of  ammonia,  and  ihc  presence] 
of  jthosphoric  arid  is  sought  for  in  Ihc  tlltered  solution. 
If  alumina  alone  Is  runtaiiicd  in  the  alcaUn«  t:i<>lutiou,  the 
presence  of  phosphoric  acid  is  then  detected  in  the  rnnnuer 
which  will  1)0  de^rribed  under  the  head  nf  Phosphoric 
Acid,  in  thi;  .S4^vcnth  section.  Bui  if  both  arc  present 
toother,  IJicn  bydrosulphurct  of  ammonia  ia  added  to  tho  ■ 
fiolulJon  in  caustic  pota-ih.  Hereby  the  xinc  alone  is  ]ir(;- 
cipiluted,  in  (he  state  ofsnlpbnret  ofKinr,  vliiklhealunuiia 
remaiiut  in  soliilion  with  the  phosphoric  acid,  provided  a 
sufficient  quantity  of  caustic  p<^>tHsh  he  present.  ^Vllea 
the  .solution  ha.s  iH'rn  tiltcn^d  from  the  .sulphurct  of  zint* 
and  the  excess  uf  hydrosulphuret  of  aiumonia  Iioh  been  j 
deromposed,  the  pi-esenre  of  phosphoric  arid  and  alumiuftl 
can  be  detected  iu  the  filtered  sulutiou. 


SECTION  VI. 

Instruction*  for   the  ^mlitative  exitmimttion  of  mixed  cam^\ 
pound*,  which  are  eifhrr  totalltj  timtlubU,  vr  of  u'AiVA  thtl 
greater  ■part  is  insoiublc,  bath  in  tcfiicr  and  diluted  muruttie 
or  nitric  acid ;   thf  constituents  of  sveh  tubfttinccs   beiiM 
among  those  iptoted  at  juti/e  !i.  ^m 

Jp  the  compound  for  analysis  has  first  been  treated  with 
water,  and  alleruards  with  a  diluted  acid,  and  still  leaves  ^ 
an  insdlahle  remainder,  1hi.s  remainder  can  consist  uniy  offl 
the  .Hutistitnres  which  have  liei-n  tnkrn  into  cum^ideration 
ill  the  third  seclion.  tit  pajje  19.  These  stibstance.tnrc  the 
füUowinK :  sulphate  of  barytes,  «iulplmte  of  strontinn.  auU 
pliate  of  lime,  sulphate  of  lend,  chloride  of  silver,  proto- 
cliloride  of  mercury,  and  sulphurel  of  mercur}'. 

The  presence  of  Ihc  protochlorldc  of  mercury,  and  also 
of  llie  sulphurct  nf  merrnry  is  detected,  »hen  a  portion  of 
(he  insoluble  remainder,  after  it  lia.s  been  dried,  is  t>tron;);ly 
heated  iu  a  ^»sa  tube  closed  at  one  end.  Both  subittancea 
are  (hereby  sublimed,  and  doth  without  idteration,  if 
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BW  remained  alone  in  iht>  tosicIuc  ;  but  if  t\wy  arc  accora- 
{Minied  liy  a  portiim  of  any  olhpr  free  base,  nr  by  n  metal, 
the  sublimate  exhibil.s  littli)  globiileit  uf  tnercur)-.  Wlien 
both  ((iil»stanrr.s  vnintilixe  iiudccoinpiMcd,  they  arc  in  rou- 
iux|iii'nrr  rasily  rot'otrnist*«).  The  protochlorido  of  mercury 
becomes  black  wben  it  is  put  into  ammonia.  The  siU- 
pburet  of  merctiry,  upon  lieini;  sublimed,  produces  a  red 
powdrr. 

The  portion  of  ihr  inüoltiblc  substance  which  docs  not 
Tolatilize  nhen  tinis  hralod,  inay  still  contain  chluridr  nf 
silver,  sulphate  of  leud,  sulphate  of  lime,  stilphittc  of  stron- 
tian,  and  siilphatp  of  liarytcs.  This  remaindpr  is  fused 
with  about  iwicf!  or  thrice  its  wcifiht  id'  dry  carliuttato  of 
suda.  If  it  is  known  that  no  chloride  of  silver  is  present^ 
the  fusion  may  be  effected  in  a  plaliniim  rniciblr;  yet 
even  then,  the  operation  must  be  mana^'cd  with  caution, 
and  the  platinum  entcible  exposed  merely  to  a  low  red 
heat,  espcriaily  when  üiilplmtf  of  lead  is  prest-nt.  In 
grncrtil,  one  ran  jii.st  as  uHl  make  u.sr  of  a  little  punvtaia 
crucible,  and  when  very  ^^reat  quantities  are  not  employed, 
effect  the  fusion  over  a  spirit  lamp  with  circular  wick. 
>Vhrn  the  ineltt-d  mam  has  liecome  cool,  it  is  treated  with 
water,  and  allowed  to  sotten :  more  water  is  llien  added, 
the  utinle  u  dijrr>itr<l.  and  the  licjuid  i«  filtered  from  the 
insoluble  remaindrr.  and  superaalumtt-il  with  nitric  acid. 
A  solution  of  nitrate  of  l>aryles,  on  beiuK  uddcd  to  tliis 
arid  solutinn,  indicates  the  presence  uf  sulphuric  acid; 
a  solution  of  nilmle  of  silver,  added  to  another  i>i)rtion, 
indiraieji  the  prp.sence  of  chloride  of  sodium,  wben  ebtoride 
of  silver  ha.«  formed  part  of  the  compound.  The  undis- 
solved portion  can  now  consist  of  carbonates  of  Imr^tes, 
sintntian,  lime,  and  lead.  It  can  also  contain  metallic 
silver.  If  rhlorid«  of  silver  has  been  present  in  the  com- 
pound. When  a  very  strong  heat  has  been  employed  hi 
the  ItLsion,  the  silver  is  found  as  a  mrtallic  iK-ad  at  ibe 
iMtltom  of  the  rnicible :  wlit-n  the  lieat  bus  been  IrsK.stnins. 
so  that  the  whole  could  not  fully  melt,  the5ilvcrisobljiinr;l 
in  a  rtnely-divided  state,  upon  tresitirtc  the  mass  with 
water.     The  remainder  is  dissolved  in  nitric  acid;  yet, 
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if  silver  and  carbonate  of  lead  are  ab.seiit,  il  is  better  IffiJ 
employ  uiuriatic  »cid  a»  Ihr  Holveut.     A  Kiualt   purtion 
of  the  solutioD  b  tested  with  dihitcd  muriatic   acid  Tor  « 
oxide  of  silver:  if  this  is  present,  there  is  a  precipitate  of^ 
chloride  of  silver.     This  is  fdtered,  and  ihe  clear  soluliitti 
is  mixed  with  causlic  ammonia:  if  thi»  produces  a  uhjie  _ 
precipitate,  it  shows  the  presence  of  protoxide  of  lead.     Iff 
oxiiie  of  .silver  and  protoxide  of  lead  arc  rontaiued  in  Ihe 
compound,  the  greater  part  of  the  solution  U  treated  with 
liquid  Fiulpliurettctl  hydrogen,  in  order  to  .separate  tbmte 
two  bii-scs.     The  solution,  liltered  from  ihe  precipitate, 
and  now  piM-silily  coiituining  lime,  slrontian.  and  Larytes, 
is  tested  with  h>drofluosilicic  acid.    If  this  reagent,  after 
some  lime,  prmliiccö  a  pri-<ipitate,it  indicates  the  presence 
ofbaryies.     Tliu  soltilion  ik  thereiijKtn  separated  from  (lie 
precipitate.    If  it  now  gives  an  immediate  precipitate  with  ■ 
n  üolulinn  of  Kiilphate  of  ]Kita.sli,  or  with  verj*  dilute  siiU 
phiirir  uciil,  it  luntaimt  .strutiliun.  eillier  alone  or  arrotn- 
pitnied  by  lime.    To  determine  the  presence  of  the  latter,  ■ 
fho  .sulutio)!  is  filtered  from  the  precipitated  tiutphate  of 
strontiaii,  when  there  is  any,  and  is  saturated  »itli  am- 
monia: if  it  (hen  gives  a  white  precipitate  on  being  tetiled 
witli  the  Koliition  of  an  itxulfite,  it  »Itll  runtiiins  lime. — 
The  operator  can  ul^o  employ   in  the  discrimination  of 
the.se  three  earths,  the  method  which  has  been  descrihcO  at 
page  Ä*.  _ 

Many  acid  phosphates,  some  acid  arseiiiates,  and  a  fewf 
other  compounds,  are  insuliihle  both  in  water  and  in  acids 
when  they  have  been  exposed  to  a  strong  red  heat.     Tlic  ■ 
presence  of  arsenic  acid,  and  even  that  of  phosphorte  acid  I 
as  well  as  of  a  variety  ofmelalltr  oxides,  can  in  this  ease 
be  di.scovered  hy  means  of  the  blowpipe.     If  the  operator  ^ 
has  thus  detected  the  presence  of  arsenic  acid  or  of  phos-'l 
phoric  acid,  tlie  pulverised  .fubstance  must  l>c  dipr-sled  in    " 
n  platinum  eapsule  with  concentntted  siilphnric  acid,  with 
which  it  mufii  e^en  bo  boiled  for  some  time.    The  sab- 
stance  is  thereby  decomposed,  and  npon  the  addition  of 
water,  is  dis.solvMl.     A  solution  is  not  obtained,  however, 
VihcD  the  base  is  of  such  a  nature  as  to  form  with  sul 
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phnric  ucid  a  cninpoiiiHl  witicli  Ik  cither  iuHolubIc  or  but 
vf>ry  sparingly  suliihle.  The  I>a8ei4  wliich  cannot  lie  dis- 
•u>lvc(l  by  this  trcAtmcnt.  hfc  pr(>l»xi(l(;  nf  Iciul,  limp, 
strootian.  und  baryti-:>;  these  four  l>ases  urtv  aiiulysrd 
acfordinK  lo  the  instructions  whi<-h  Imv«"  Iwen  ifiven  alwve. 
— The  solnriuii  is  examined  according  to  the  method  which 
has  hven  dcM-rilwd  in  the  lifth  section. 


SECTION   VII. 

On  the  behttriour  of  Simple  Snbslaxctx  and  their  most  fiw;wr- 
tanC  C'ampauHdx,  totrards  Reagtnts. 

WiiKN  the  rhi'inist  desires  to  «Kcnpj  hims<»tf  wilh  quali- 
tntive  rbemiail  inquiries,  it  is  neceKi«ary  for  him  (o 
l>rcatnc  ncquninied  with  the  action  of  rvagcnl»  on  the 
Hubstanccit  which  ronmionly  form  the  subjects  of  analyni». 
The  preceilin^  sections  of  ihtN  pnrt  contiiin  full  itiKtruc- 
tions  for  detecting  the  constituents  of  vuriou»  compounds, 
both  of  simple  »nd  complex  constitution.  In  all  cases  of 
analysis,  huucvrr,  when  thr  i>ppr<i1or  imagines  tlial  he 
has  discoveretl  the  true  ronitlituejilN  of  a  compound,  i1  is 
necessary  to  treat  the  compound  »ith  such  a  variety  of 
reagents  &&  arc  sufficient  to  verify  the  accuracy  of  hiit 
results 

Tliis  section  rnntntns  a  desmption  of  the  behaviour  nf 
the  nioiil  im[mrtaiil  üimple  substances,  and  of  their  priii- 
ripa]  rompouiid^,  piirticularlr  those  resulting  from  their 
combination  wllb  oxygen,  to\\ar(ts  the  reagents  which  are 
most  worthy  of  employment.  AinooRst  these  reajifenis, 
tJie  ^eatest  nttenlion  is  paid  to  those  wilh  which  t-ach 
substance  pnxluccs  the  most  characteristic  pl>cuomenu^ 
«nd  by  niiich  it  is  consequently  most  strikingly  dislin- 
{pjisbi-d  from  other  substnaees. 

In  order  that  llie  instructious  pven  iu  the  preceding 
sections  mi^ht  not  be  rendered  too  difficult,  I  considered 
it  pntdential  to  omit  the  considcralion  of  certain  sub- 
stances, iiot^s  ithstanding  that  sonic  of  ihrni  an;  of  frequent 
occurrence  in  analysis.    In  the  present  section,  however. 
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I  uJialt  (Itisrribc  liow  it  in  that  ihese  substances  are  Ai 
tf?cte(l  in  qiiolitalivc  examinations. 

As  llic  preseuc«  nf  organic  mnttrr  has  frequently  thi 
tScvi  of  alluring:  tbejiirtion  ot  rea^eiiln  on  iiiorsuiiic  tifxlie^] 
I  Imve  con^iidcred  it  expedient  to  describe  Ilie  prwrcsseA,] 
by  the  adoption  of  wliicli  tlR>  operator  is  led  to  obluio  av- 
curato  reiiiilts,  under  the  circnmstantuii  alluded  tu. 


A.     BASES. 


1.    POTASH. 

'  When  pure,  it  if)  of  a  white  colour,  and  very  easily  aolo- 
ble  in  watrr.  under  diKeii^uKcmenl  of  Ileal.  Tiie  solntion, 
even  ill  a  diluted  xt»te,  ims  u  vury  caiisliL-  la.<(le,  dissolvL'u 
the  .skin  of  the  loa»:ue,  and  colours  reddem-d  ItEnui»  paper 
Btronely  blue.  It  deliijuesce;*  in  the  air,  attnuia  carlMjnic 
nrid  from  the  almosplicre,  nnd  is  prjidually  converted,  first 
into  carbonate,  and  linally  into  Iticarbonatc  of  potash.  A 
solution  rnntainin;;  ]Kttash  in  ihiü  alu<rt>d  slate,  eflervcseet) 
on  being  superxaiurati-d  with  an  acid,  becauHi-  tarl>onic 
acid  fitkA  is  tben  diHenjcaired.  M'~hen  potash  is  bcuicü  in  a 
Tessel  of  fliher,  it  fuses  before  it  becomes  red-hot.  It  dia- 
solves  in  spirit!)  of  wine  when  free  frogi  curiMmic  acid. 
The  preKenroul'potaMli,  insolnlion  in  unter,  is  indicated 
I  by  lb(>  Ibllotving  »ubstanccs. 

A  rouCL'Ut  rated  solution  of  Tartaric  Acid  uddfd  in  ex- 
[■cefts  to  a  concentrated  solutiun  of  ]>ota.sb,  iiimirdiatcly 
rproduros  a  rrjsialline  precipitate  of  biturtmtc  of  poüi^li. 
beu  the  solution  of  potash  i»  dilute,  the  precipitate 
tppears  only  lifter  xome  time.  The  more  sltmty  it  is 
fermed,  however,  the  more  distinctly  is  it  crynlalliscd. 
)y  an  exrcäs  of  any  stnui^  acid,  as,  for  example,  muriutic, 
niltic  or  sulphuric  acid,  or  eren  by  a  solution  of  o.xuJic 
acid,  the  precipitate  is  dissolved ;  but  it  is  neither  dtd- 
eolvcd  by  tartaric  nor  by  Hcelic  acid.  Sohilions  of  car- 
bonate I  iiud  caustic  pota>b,  twdn,  and  ummoniu  dissolvo 
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the  precipitato  with  ea»v\  but  (he  addition  of  a  »mall 
quantity  of  a  strontr  acid  reproduces  the  pn-c-ipitutc,  which 
may  \m  a^uiu  dissolved  l>y  a  ^reatrr  quantity  ul'  tlic  sauui 
arid. 

A  spirituous  solution  of  Chloridt;  of  Platiavm  produces 
in  the  solution  of  iHitash,  a  bri|;ht  yellow  pri-cipiiate  ol' 
chlomV  of  poiiuuium  and  platiDum.  When  the  operator 
bas  bat  a  small  quantity  of  potush,  it  \&  best  to  iliHSulve  it 
in  fipirits  of  ^f  ine,  and  then  to  add  thr  .s|)irituoti»  «ohition 
of  ciduridc  of  platinum.  The  rcstiltin^  precipitate  in  iiot 
sensibly  disMilred  by  tree  acid. 

H){fimßitos'dicie  Ariii  priKliiccN  in  the  fHilutinn  of  |M>ta.sli 
u  preiipitute  uf  so  transparent  und  );etiitinuu;j  ii  loudtlion, 
as  to  be  scarcely  perceptible.  Tbia  is  particularly  (lie 
aiw,  when  the  solution  of  potush  ii;  not  verj-  foncenlraled. 
Tbl-  ^elutiuoufi  precipitate  very  t^ntdually  subsides;  but 
even  after  itit  deposition,  it  is  only  di.sttn^ii>liable  by  beiu;i; 
less  transparent  than  ihr  .suiternatiuit  solution,  und  hy 
cuutiing  a  play  uf  colours.  L'poii  l^eiii^  dried,  it  formji  a 
white  powder. — If  the  Solution  of  potat^h  bo  very  ooucen' 
irutcd,  tlien  tlic  addition  ut  bydrofluosiliric  acid  produreti 
a  while  troublini?,  and  the  tmnspnrent  gdaiininis  preci- 
pitate soon  begins  to  subside  ;  hut  in  that  case,  tJiert-  ts  no 
play  of  colonrs,  such  u»  them  is  with  the  precipitate  which 
\A  deposited  by  very  dilute  solutions. — l''rce  muriatic  acid 
docs  not  dissolve  the  precipitate;  but  it  deprives  it  of  its 
transparency,  and  renders  it  opalescent. 

A  sohilion  nf  ('arbazotic  Acid  in  alcohol,  produces,  even 
in  diluted  stilutious  of  [totusli,  a  bri^lit  yellow  cryMlitllinc 
precipitate.  It  is  l>est  to  employ  an  alcoholic  solution  uf 
potash,  when  it  is  desirable  to  obtain  a  precipitate  from  a 
very  small  qaautiiy.  This  reagent,  which  Kibhic  has 
recommended  for  tlie  detection  of  potash,  is  still  moro 
S4-Dsiblc  than  the  solution  of  chloride  of  platinum.  When 
a  solution  of  polosU  hi  so  much  diluted,  th:it  chloride  uf 
platinum  no  lonf^er  produces  a  precipitate,  the  alcohulic 
Bolulion  uf  earbasEOtic  acid  is  still  able  lo  effect  precipita- 
tion, if  not  iuiiueJiately,  jet  after  some  time. 

A  concentiuled  solution  of  Suiphntr  vf  Ahmliui  on  beiiiiE 
added  to  a  concentrated  .solution  of  potash,  after  tbe  latter 
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bos  becii  satarateil  by  an  acid  (for  whirh  purpose  muriatic' 
add  is  best  adapted),  prodiirrs  crysliils  of  alum.     These 
ciin  ^'cnt-nilly  be  recogiiisrd  us  regular  octalietlrons  with 
blunted  aQ^les.    The  crystals  of  alum  di>  not  cffiorciic«  in 
the  air. 

Before  the  Bitnrpipe,  ])otagb  is  detpcted,  acconling  U 
Hark  ORT,  by  fu.'^ing  pure  oxidr  ol'ntrkrl  nilh  iKtrux  to 
glass,  and  adding  thereto  tbr  KuliHtantc  roiitaiiüni:  potasli, 
by  which  Ihc  glasä  is  coloured   bluish.      (Bkrzulii'S,^ 
Antemdtmg  dfs  Löthrohrs,  p.  Ö9). — Arcimling  to  Fuuirs 
the  pri^srtirt^  nP  pnlush  can  be  much  bL-tl^r  dt^iected 
follows:   A  porliou  of  tlie  salt  i^  fused  on  the  platioi 
wire,  and  Ihc  flame  of  ihr  blowpipe  is  so  directed  tbcrcoi 
tltat  tbe  jKiint  of  tbi;  interior  liame  lomhe»  the  fused  lead 
The  CKterior  flame  is  tticii  dislinetly  violet  euIouroJ. 

The  »alts  of  potash  ubicb  are  soluble  in  water,  produc 
solutions  which  behave  towards  the  above  reagrnlÄ,  in 
similar  miinni!r  to  the  soliitioiis  ol'  punr  pota:4h.  Tartarie^ 
Add  produce«  iu  tbe  cooceutrated  solutions  of  potash 
sails,  when  added  in  p\resH,  the  same  precipitate  as  in 
(he  sohitiuii  of  pure  poinsh.  In  the  solutioiui  uf  äueh 
piitash  salts  aK  are  rather  sparingly  soluble,  snch  as  siil-^ 
pliaie  of  potash,  the  preripilate  does  not  appear  till  hAer 
some  lime. — The  spirituouH  solution  of  (  hloritle  of  PUi- 
linum  produces  in  the  conccniratcd  solutions  of  puta^h 
salts,  the  same  liriRhl  yellow  precipitate  of  chloride  of 
pota.sKium  and  plulinum,  thai  it  produce.«  in  the  .solutions 
of  pun'  puut.sh.  If  tbe  .<ialt  which  is  to  be  tested  lor  polaitb 
be  soluble  in  spirits  of  wine,  it  is  best  lo  mix.  a  spirituous 
solution  of  the  salt  viiih  the  spirituous  solution  of  chloride 
of  platinum. —  Ht/dTo/fuoxilicic  Arid  behaves  towards  solu- 
tions of  potash  sails  in  tbe  same  manner  an  towards  soln-  , 
tions  of  pure  potash. — To  detcet  ihc  presence  of  potash  ii 
«.  very  small  quantity  of  a  potash  salt,  by  (aritasotic  Arit 
it  is  proper  to  employ  a  spirituniis  solution  of  the  .sult.^ 
provided  it  be  soluble  in  «pints. — A  conccntmtctl  äolution 
of  SulpAnti'  of  Almuhia,  added  to  coneenlraled  s^dotiuns  ofj 
several  pota.sli  suits,  pnid»ce.s,  after  some  time,  crystals 
alum.  This  is  pnrtictilarly  the  case  with  conccntrat 
solutions  of  sulphate  and  nitrate  of  potash,  and  ofchloricli 
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or  potasäiun).  The  nctitml  comjwuntis  of  potash,  wiih 
phosphoric,  arsoujt',  nnd  boracir  acids  proJiirp  with  ii 
Mnliiiinn  of  siilphKte  nrahimiiia,  a  voluminoiii«  precipitate 
which  ronliiins  aliitnina  in  combination  nilh  the  acid  of 
Ihr  parlifuliir  potash  sail  employ«!  in  the  precipitatinn. 
If  in  these  cases  the  «olutioas  he  acid,  thry  will  often 
prwluce  crystal*  of  ahim  \nth  the  stihition  of  sulphate  «f 
ahimina.  The  produiiion  of  alum  cn-staU  does  not  occur. 
bon-oviT,  till  aller  a  very  lon^  time.  Their  pTodiictton 
«an  Ik-  hastrnrd  hy  fidding  sulphuric  acid  to  the  soliitinn. 
Carbonate  of  potn.sh  and  fiiilphiirct  of  poia^Hiuin  aiust  he 
«onverted  by  nturintic  acid  into  chloride  of  potassium, 
when  it  is  intended  to  form  ervstals  of  ahim  hy  siibjertiiifr 
(lieni  to  the  action  «»f  .sulphate  of  alumina. — Bffon'  ihc 
Btawpipet  potash  in  thr  |K>tn»h  aall.s  i.s  detected  in  the 
•nine  manlier  a.-^  pure  |>otash.  A  bead  of  borax  tn  which 
pure  oxide  of  nieltcl  hu«  l>ecn  di-isolved,  is  roloure*!  blue 
by  potHjih  salts.  Bot  most  potash  salt!«  are  bolter  dct(*rterl 
hy  the  violet  colour  rommiiniciited  to  the  onter  (lame  of 
liic  blo\vpi|H-,  »lit-u  a  piirtioii  of  the  siilt  i.s  fu.sed  on  a  pla- 
tinuui  wire,  and  Uie  bend  id  ex|HMed  to  (he  |>oint  of  the 
inner  Aiunc  This  colourjnfr  of  the  (fame  is  I>est  proiiueed 
by  chlurido,  bromide,  and  iodide  of  jMitassiiiin.  It  is  more 
clearly  exhibited  by  theite  ihan  by  pure  |iotash.  It  is  Ii-xn 
distinctly  exhibited  by  sulphate  and  curhonaleof  potuHh, 
und  not  lit  all  by  pliosphate  and  borate  of  ]>otnsh. 

The  neutral  solable  salts  of  potash  are  for  the  most  part 
capable  of  being  heatc<l  to  redness  without  .miffi-rinE:  de- 
compu.>4itiou;  imloed,  tbcy  ar»  very  nearly  all  so,  except 
nitrttie  of  potash,  provided  lh«t  atntospherir  air  Im*  ex- 
cluded *.— The  äoluüünsüf  the  neutral  i>allt>  have  partly 

"Alt  invlrnini-nl  uncn  npiikt^  n(  m  the  fullowiii);  ya^ies  is  tlic  tyirit 
Itmp  miA  dmlttr  »irl.  or  willi  ifmUr  mrrtntl  tf  aW.  I  liiivt-  i[i»Mi  a 
GgHrv  vf  Ibti  Uni|>  on  tiic  litle-pai:«  uf  tlie  woiil,  hiiiI  I  «)iull  novr  giir«  n 
tl«iu-ri|itian  of  h.  For  boib  the  fi^rr  aniltlM-  (tcsrriitlion.I  nni  tmlrltttil 
to  II  work  receitly  published  by  Mitschkrlicii.  Thf>  ii'trit  limp 
with  rirculiir  irkk  i*  urn?  of  IIm:  icual  iiiiünfM-iiuibl«  inolniBcoli  of  tb« 
auialvtical  rlipmwt.  A  grcnt  mimber  »l*  ten  acctiniti^  rvpc^Hmciitii 
<-nnnoi  \^  p^-rformtNl  without  it. — TLc  wick  iMmaa«  bi^twcoii  Imu  cyliti' 

<lcr*  wlikh  niT  ct rctcd  briow  liy  a  horixontAl  plate,  and  arc  ntixnl  ut 
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no  action  on  lUiutis  paiivr.und  partly  tum  reddened  litrntUi 
paper  blue.  Sulphate  and  nitrate  of  potiiafi,  ami  chloridp,; 
bromide,  »nd  iodide  ul*  pt>li)s.<iiuin,  do  not  when  dissolved] 
ill  water  aflert  the  colour  of  litmus  paper :  but  the  neutral 
pliDspliiitf,  arscniatc.  Ixn-wtc,  and  carbonate  of  p«tu.sli,  and  I 
the  Uuuriile  und  Jiuiphurt-l  uf  putü^sium  turn  rcddenedj 
litjnus  paper  blue. 

Potasli  produrrs  very  few  salts  uluch  are  insoluble  or' 
verj-  sparingly,'  soluble  in  water.     In  these  »alts,  however, 
tlic  prcscore  of  potash  in  often  difQriilt  of  dcttxtion.      loH 
Ceneral,  it  can  only  Itr  determined  with  certainty,  after  th« 
Acid  bau  been  separated  from  the  potash-     These  com- 
pi>uiid8  occur  but  seldom.     They  are  formed  tnily  by  wt 
acids,  or  by  such  acids  as,  in  a  pure  state,  are  either  ii 


dqircMiM  tiy  miMnn  of  tha*  ti>(it1i(^*l  whe«!  *  aiid  thfr  tonthM  b%t  ff. 
lower  ciid  of  111«  latter  is  comieiMeU  with  a  croH  bir.  upon  Ibe  ntd 
K'liii'li  iH  Ituiii'iii'd  a  ring  wlipri'iiii  tlic  wu^k  ui  «liicL.  Tti«  cros»  bar 
works  up  and  di>wn  iii  llif-  \ki\  b.  Tkis  Ikix  docs  iiul  fvnii  pari  of  tl>e 
dpiril-liiitiliT  a.  im  it  (Iih'k  in  Ihr  foiiitiidn  Initip«;  hiil  in  itc|tttrali-d  Ürom 
it  h\-  (hr  npm  «pnrp«  tt.  Th?  spirit  pnKsct.  TniTn  «  info  A.  by  a  «»all 
pipe  wliU'h  |inr>!tri  difli^nally  from  the  nndcT  part  or«  nrarly  tn  th« 
bottcm  of  b.  Homelbiiifc  in  thii  niHiiuer:  y.  Tlii>  abji-M  of  tlii«  con- 
trivuice  la  t»  pri-vrut  Ibo  rKplusitiii  wbicli  fn'tiuciitlj  ULph  place  when 
the  coDimon  s|)iril  lampcan-inflHitml,  ami  wbicli  J*  uwin^io  th«  tuixtura 
cf  atinofiphirrlr  iiir  and  vapour  of  nlralio]  uhii-b  ckI«!»  inthe  Hpirit-hoMrr 
«■  At  mis  ail  opcnini;  bj  wliicli  Ihr  npirit  i»  puurr-il  into  the  latitp.  TliI« 
in  aOrnvard«  cloned  hy  s  rorlt .  In  the  front  «f  the  lump,  al  >.  a  pirre 
of  (rlnMLs  cemented  loalfard  anoppoiiiinity  nf  rt-ndily  aimtaltiini;  l>oi« 
tnnrb  spirit  tbr  sptrii-holdcr  a  conlatiiü.  Tli<-  lump  in  pniTidrcl  with  • 
mppei  rhimnfiy.  Th«  wick  muni  br-  nil  (]:iili-  Ipvcl.  »iiij  must  never 
roaain  in  a  charred  »(ate.  The  fijj'inr  rrprfRc-ntt  a  lump  of  this  aort, 
dmwn  nrrnrdinK  to  ■  «c.ilc  of  one  inch  nrni  thnr  ciiinrtrri  to  a  foot. 
With  a  lamp  «iirh  as  thi«.  381)  praiita  of  carbonnle  nfaoda  may  h*  Dtavd 
in  nWoi  lirict-n  mimit<-!i,  ibi-  siUt  being  pluccd  iti  d  platiniiin  cmcible  <if 
the  wcittlil  of  from  3IM  la  3S()  gcraitut.  aiiil  InriCf  riiuuKh  (o  contAin  an 
nqiinl  ufij^hl  of  water.  A  lamp  wbirh  in  inc3pabl>r  of  cffi'rling  th^  fiiirio» 
t^»X  \vt\M  Wii)  fn^nn  of  carbonate  of  .loilii  in  tiiilit  for  tine.  Tlu?  cxprri- 
mrnmi  rln'mift  should  possFSS  two  lamps  of  lliia  dr*cnp1ii>n  :  odh  for 
fuitiiig,  und  anotlii-r  fAr  otlier  (>x|H'rimi-iit>i.  In  tlio  latter  ctuv,  the  rodt 
which  auppnrt  th(*  lamp  niiiy  Itr  ntrooi;.  lint  for  ihr  nlkcr  lamp  ilir  rods 
niuat  lift  n*  thin  aa  puuibli>,  in  order  lluil  they  may  nut  carry  «way 
mueli  of  III«  heat.— TaAJiiiL* Ton. 
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luble  or  diflicallly  «olnblc  in  water.  Very  ofXen,  in  the 
latter  casf.  it  is  only  the  acid,  aod  not  the  nculraJ,  coin- 
pouudü,  which  ari<  itisuIuMe  or  ilifticiiltly  Koluble  iu  wuter. 
C-umpouuds  ol'  (his  Jesirriptioit  are  thoj*e  of  potiish,  with 
pero\idt-  uf  unuiiuni,  peroxide  of  tin,  protoxide  of  nnti- 
niuny,  aniinioniou-x  acid,  antimonic  arid,  oxide  of  tellurium, 
titanic  acid,  and  silicic  avid. 


The  best  rciipcnts  for  dctectini:  pota^th  in  Aolutions.  are 
chloride  ol'  platinum  and  tftrtftric  acid.  Ilydrofluosilicic 
acid  fnllowH  next.  Siilphnte  of  nluminH  is  nut  »o  j^inkI. 
As  chloride  of  platinum  ItehnvcK  toward«  amiaoQiacAl  muIIs 
in  the  same  mnniier  as  inwiird:«  imtnidi  salts,  it  in  neceä- 
«ary,  when  using  this  reji^nt,  to  have  prt;viousiy  ascer- 
tained that  the  substance  under  cJiaminuMun  rontaius  no 
uionionia. 


When  potash,  or  it«  snits,  is  combined  wiih  much 
organic  matter  in  5nltition.s,  the  presence  of  polnsh  can 
be  detected  by  tartaric  «eld,  and  by  chloride  of  plutintim, 
even  in  liqiiidn  which  are  very  deeply  coloured.  When  nn 
orgnnic  substJinre  of  a  pasty  or  even  solid  consistencp  is 
to  l>e  tested  for  potash,  it  can  Ik>  niaremted  in  water,  or 
in  diluted  muriatic  or  nitric  acid ;  but  if  the  quantity  of 
the  substance  be  not  considerable,  it  i.i  iM-st  to  char  it  in 
a  llctsian  cniciblc  at  u  mndr-nitc  heat,  nud  to  treat  the 
charred  mass  with  water  or  muriatic  acid.  The  presence 
of  luttanh  can  then  be  detected,  iu  the  filtered  (tolution,  by 
tile  reagents  alMve  cited. 

ir.   SODA. 

Soda,  in  a  pure  state,  and  when  solid,  h^is  much  sinii- 
lurity  with  pure  p<itnsli.  Us  .Mtlutiim  in  water  differs  from 
that  ufpotiiKh,  in  tiK  behaviour  towards  rtraecntn.  Ncilbcr 
a  conccntmled  solution  of  Tartaric  And  when  uddnl  in 
excesa,  nor  of  (  htaride  of  Platinum,  ur  of  (Jarhoiotir  And, 
pniduces  any  precipitiitü.  In  the  last  case,  howevtT,  the 
Holutinn  of  swla  must  nut  bo  loo  coiiceuiraled-    Even  a 
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solution  of  Sulphate  ef  Aiumina,  on  being' aiidrd  to  a  sola- 
lion  i>f  soda  which  has  boon  saturated  by  an  acid,  pro- 
dlic<>8  no  cr)>;lals  of  alum,  ll^itroßumiliric  Arid  produces, 
however,  in  soluUonü  ol'  snda.  which  are  not  too  dilute,  3k 
slicht  voluminous  and  opalcsrcut  prpripilatc. 

Bi'lbre  Ihi*   lihw/iip*,  noiIu  rnii   Ijc  fliäfiii^uisheil   fr 
poUab  as  IbUDwü;  A  K^aaa  of  t)orax  in  which  ptire  oxid 
of  nicki'l  hau  been  lUHMtlvcMl,  \a  not  deprivptl  of  its  brow 
colour  by  the  addition  ut'  Koda.     But  it  can  be  far  better 
di.slitigiiished  from  potash  by  the  colour  which  it  rom- 
niuniratcs  (o  Ihr  outer  hlimpipc  flume.      NVIicti  u  littta 
soda  is  fused  on  a  platinum  wire  bent  into  an  ear,  anit 
the  point  of  the  imirr  llnnie  i.s  dirrcted  upon  the  l>(>ad,  llie: 
outer  flame  is  coloured  strongly  yelluw,  the  ilatne  pro- 
duced resembling  that  of  a  candle  «then  bunting  quietly. 
This  colouring:  is  produced  even  when  much  patn»b  i*^ 
mixed  with  the  »oda. 

In  the  salts  of  sod»,  which  are  soluble  in  water,  the  sod 
is  distinguished  frtiin  potash,  in  the  stime  manner  us  when 
in  a  pure  »täte.     The  soda  salts  in  a  solid  state  are  iK-&t^ 
üislin};uish(^l  birlbn-  the  blowpipe,  by  (he  strong  yellow^ 
colour  which  they  cooimunicate  to  the  outer  flame.     When 
the  sodu  suit  is  mixed  with  a  potash  salt,  merely  h  yellow  _ 
colour  is  given  to  the  outer  tlame,  but  the  yellow  colour  isfl 
rendered  weaker  hv  the  presence  of  a  considerable  quan- 
lity  of  jMitttsh  sidts.     When,  however,  chloride  of  suilium  is 
mixed  with  so  much  chloride  of  potassium  that  only  ^  or 
y^  of  (he  former  is  present,  then,  arcordiiip  to  v.  KoaELX. 
(Kastnkk's    .\rchiv.   T.   xiu.    p.  -'ÜIO),   (he  reaction   o£_ 
potash  disappears,  and  only  that  of  soda  is  exhibited.        fl 

The  neutral  soluble  salts  of  soda  are  for  Ibc  nius(  part 
not  decomposed    by  ignition.      With    the   exccptinn 
nitrate  of  soda,  Ihcy  may  all  be  i^iitcd,  proWded  atiU' 
phcrie  air  be  excluded. 

The  crista  Hi  sed  neutral  salts  of  sodn,  when  thev  Ci 
tain  water,  vbicb  most  of  them  do,  ellloresce  in  tlie  air. 
Tliis  is  particularly  the  case  with  the  sulphate,  phfuiphate. 
arscniatc,  and  carbonate.     The  cfllorestxnee  occurs  in  a 
very  inferior  degree  with  the  boraie,  and  not  at   all  witl 
the  nitrnte  of  soda,  nor  with  the  cidoride  nor  nuiiridt*  c 
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sodtiim:  tJip  rrason  of  this  is,  that  the  three  la.st  contain 
no  water  ül'rryMMlIJKiitioii. 

Of  Ibe  soluUomi  of  iJiu  nriitrul  sail«  of  soda,  tliose  of 
the  siilphftto  and  nitrate  of  soda,  and  of  (he  chloride, 
bromide,  and  iodide  of  sodium,  »re  witliuut  at-iion  ou 
litmus  pa|>or  Hi«  solution!)  of  the  ooutrul  phosphiilCr 
»rscninte,  borate,  and  (■arb*imite  of  »oda,  and  of  lliioride 
und  .siilphiin.':!  of  sodium,  tuili  the  red  litmus  pa)>rr  Idiic. 

Soda  jirodureii  with  very  few  arids,  salts  wbicli  arc  in- 
soluble  or  verj-  difficultly  soluble  in  water.  In  these  sails, 
tlie  presenci-  of  soda  is  rontnionly  us  dilünilt  of  detection 
as  the  pn>scncc  of  potash  in  the  insolubit-  or  difficultly 
.soluble  salts  of  potash.  The  and.s  with  which  soda  pro- 
duees  insoluble  or  difficultly  soluble  salts,  art;  tlic  same 
that  produce  similar  salts  with  potash.  They  have  Iwen 
named  at  page  01. 


Soda,  in  the  soluble  soda  salts,  is  particularly  discrimi- 
nated, by  aseertainiug  first,  (hat  iho  solution  contains  an 
alcali,  and  secondly,  that  it  afiords  no  predpilntr  »tlh 
solutions  of  chloride  of  platinum  and  larturic  acid.  But 
the  soda  is  drtrctod  in  the  safest  inimner  by  the  yellow 
colour  communicated  to  Iho  blowpipe  Hanie  by  llii-  solid 
salt.  If  the  operator  brlievex  that  a  solution  loiituius 
both  potiisb  and  stxla.  it  iti  best  to  test  a  i>ortion  of  the 
solution  with  chloride  of  plaiinn in,  and  Hfirrlhr  pre.s4-nceor 
nbs<'nrr  of  iiotash  hits  been  thus  dctcrminrtl,  to  i-va|Hirutc 
anuUicr  portion  of  the  solution  to  dryness,  and  to  treat 
llie  residue  befor»  the  b!uwpi]H*.  If  the  reaction  of  the 
chloride  of  platinum  indicate  the  presence  of  potash,  and 
the  residue  tinges  the  outer  flame  of  the  blowpi;:f  of  a 
violet  colour,  then  pntn.<di  alone  is  pn-Äent.  If,  on  the 
contrnry,  the  outer  blowpipe  flame  receives  a  yellow  colour 
from  the  residue,  then  both  potash  and  aoAn  are  present. 


To  detect  soda,  or  its  salts,  in  solutions  which  contain 
much  ori;aiiic  matter,  it  is  necessary  to  proceed  as  follows: 
The  solution  is  evaporated  to  dryness,  and  the  dr>-  residue. 
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particularly  if  the  quantity  lie  very  consiitemblc,  is  charred 
in  a  Hessian  crucible  by  a  moderate  heat.    The  charrwl! 
muss  is  then  macerated  in  «-atpr  or  miirialir  add,  and  tiie 
fiolntinii  \s  fillercil  and  «vaporatwl  t<i  ilnm\'*«.     The  pre- 
sence of  soda  is  then  detected  in  the  dry  residue  by  tb«S 
method  described  above.    A  pasty  or  solid  orjraniic  .sub- 
stance in  whicli  the  presence  of  a  conüidcrablo  quantity  of 
soda  is  suspected,  is  tu  be  charred  and  lixiviated  precisclyj 
in  the  same  manner. 

ni.    UTHfA. 

When  lithia  is  purtr,  it  is  white  and  erystalltne. 
sparingly  soluble  in  water,  and  doe.4  not  become  moist  it 
t^tiie  air.    It  fuses  at  a  feeble  n;d  heat. 

The  solutions  of  the  lithia  salts  wliicb  are  soluble 
water,  behave  towunis  rfagetit^  uk  follows  : 

A  concentrated  solution  of  Carbunatr  uf  Soda  produc« 
evenin  very  concentrated  solutions  of  lithia  salts,  no  ii 
diati-  precijiitate.     Afli-r  a  coiisidemlile  time,  however, 
inconsiderable  grsuiutar  precipitate  of  sparingly   sottibl 
carlxinute  of  lithia  \m  prudnced. 

A  solutiiin  o( Phosphate  ofSmla  produces  no  precipitate  in 
the  solutions  of  lithia  sati»^  evea  after  a  Umg  limp ;  but  H 
ammonia  be  added  to  the  mixture,  a  strong  precipitate 
soon  pmduced.  If  the  mixture  i^hoilrd  befon.^  the  ai 
nia  is  added,  a  precipitate  is  also  produced,  if  a  Molutic 
of  lithia,  to  which  a  solution  of  phosphate  of  soda  bl 
been  added,  be  evapnratrd,  the  suliition  heronies  troubled 
during  the  evaporation:  when  the  whole  hajt  lit-en  fvapo- 
rated  to  dryness,  and  the  residue  treated  with  water,  tbc 
in.<iolublc  or  sparing:ly  soluble  double  phosphate  of  soda 
and  lilhia  remain»  undissolved. 

A  solution  uf  Phosphatf  nf  Pt)imh  produces  no  precipitair 
in  the  solutions  of  lithia  salts,  even  after  a  long  reposure; 
neither  i.s  any  prrri'jitali-  produced  when  (he  niLxture  U 
huilcd.  If  tin.-  .solution  be  cvapumted  to  drj  nc.ss,  tmd  the 
dry  residue  be  treated  with  water,  the  whole  of  it  redia* 
süves- — If,  howi'ver,  the  .solution  ofa  lithia  salt  be  treated 
with  a  solution  of  sulphate  of  potash,  and  then  with  am* 
monia,  a  strong  precipitate  is  formed  by  degrees. 
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A  A)Idtfon  of  Toriuric  Acid,  addixl  in  excess,  inwdiires 
m»  preripitutv,  cvkii  in  very  ctiui-riilmlitil  solutions  of 
liüiia  ä»lt8. 

A  Kotiirion  of  Oxnlic  Arid  also  prodncca  no  precipitate. 

Hydrujluiis'dicir  Add  pntdurrs  nt»  |tr(:('i])ilat<>. 

A  solution  ol"  Chhride  of  Platinnm  produces  in  Ihf  npi- 
rituouH  soliitiODS  of  IJthia  sallft  a  tniiibling  whirb  is  so 
extremely  incitusidrrttltl«-  as  lo  be  xcarcely  ohsurvaltte.  IT 
thv  solution  of  tiihi»  be  »tigblly  diluted,  tJie  troubling  is 
indiiic<!miblc. 

A  solation  of  Sulphttt«  of  Ainmina  prodaccs  DO  rryslaU  in 
the  r>nnc4*ntrnted  solutions  of  lilbin,  not  even  «hen  those 
prrcau lions  »re  (»ken  which  haie  been  Kpoken  uf  in  the 
case  of  tbr  ]Mttiish  siil  ix  (pa^e  48.) 

Dcfut-e  tbu  lifo*cpi])r,  the  lithia  in  salts  of  lithia  can  be 
very  well  detcctwl.  When  a  portion  is  nirlte<l  uiioii  tbe 
end  of  a  platinum  wire  bent  into  a  rinfc.  a»d  the  melted 
mns*«  t^  pluced  at  ihr  jwint  of  the  inner  llHnic,  then  the 
unter  f1».D]e  »cquires  a  beautiful  and  very  stronj;  camiLoe 
red  colour.  This  colouring  «if  the  flame  is  effected  in  ihc 
most  Ktrikinc:  manner  by  the  rhioridii  «if  lillnuin.  When 
the  lithiR  suit  is  mixed  with  a  potash  suit,  then  the  red 
pulour  alone  is  produced  before  the  blowpipe,  and  the 
presence  of  iMilRsh,  even  when  the  »Ksay  contains  more 
potash  than  liihia,  cannot  be  detected  liy  il.i  bclinviour 
before  tbe  bhtu-pi{)c. — When,  on  tbe  contrary,  the  lithia 
ftalt  is  mixed  with  a  soda  »>tlt,  then  only  the  rt-aclion  of  the 
»odu  ijt  observable,  and  the  outer  Oame,  even  »ben  an 
excf^s  of  lithia  is  present,  acquires  merely  a  yellow  colour. 
ThLs  Is  also  the  case  when  a  lithia  salt  ivniain.t  Itoth  potash 
end  soda  saltn. 

Most  of  the  neutral  suhibln  sult^  of  lithia  cau  be  ignited 
without  undergoinR  decomposition  (if  atmospheric  air  be 
«xcluded,  nearly  all  but  the  nilrale  of  litliia).— Tbey  fime. 
at  a  loner  temperatun-  than  the  cori-esponding  salts  of 
potash  and  soda. 

Tbe  solutions  of  lithia  salt«  act  upon  litmus  iwpcr  in  the 
same  manner  as  the  rorrcspondin;:  potash  and  soda  units. 

Tbe  spiriluotis  solniiuns  of  lithia  salts  bum  with  a  bean- 
lifiil  canoine  red  (lame.  The  lithia  suits  which  are  insolable 
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in  ApiritJ  of  wine,  can  still  be  made  to  ^ve  this  colour  to 
its  tiamc.     I'or  this  purpose,  they  muHt  I>c  piilveri» 
mixed  wilh  tliß  liquiil,  und  .sfirred  with  a  gla&ä  rod  uhil 
Ibe  spirit  hums.    The  colour  is  most  distinct  wheu  tb< 
Kpirits  uf  nine  is  nearly  »II  conitunied. 

Ltthiu  priHiiiccK  .lalts  »hich  arc  insolnblc  nr  sparinKl 
soluble  in  water  with  llir  same  acidti  tbut  product*  simil 
«mipouuds  Willi  potasli  und  soda.     The  presence  of  lithia 
ciiu  be  deluded  in  tliese  sails,  in  the  sanur  matuif^r  as 
the  presence  of  ]>otasl)  in  the  correxpondiiiü  pota»th  siklt^l 
(piijre  ÖO3.     lodepcDdenlt  however,  of  these  romjxiuiids, 
liibia  prodiiccii  saltü  which  urc  insoluble  or  äpariiiKly 
soluble  in  water,  with  other  acids  which  with  potash  oiB 
soda,  proiliii'e  CMsily  soluble  Mills.     Snch  acids  ui*o  car- 
bonic acid,  niiil  more  piirlirnhirly  plio^phoric  acid,  if  the 
action  of  tlic  latter  be  u-ssistcd  by  the  presence  of  aodaJ 
lu  the  double  .salt  of  pho.<iphate  of  soda  and  phosphute  o^ 
lithin,  the  lithia  \s  not  cu-ty  ofdvicction.    This  uult  iuncA 
before  the  blowpi[>e,  and  that  with  still  greater  facility,  id 
pr«'viously  mingled  with  soda,  and  then  held  cither  hy  tf* 
platinum  wire  Ixuit  into  iin  ear,  or  upim  plutinitni  Ibil. 
The  fuKcd  mass  is  clear,  but  ou  cooliuj?  becomes  opaque 
and  crysliiUine.     J(  the  double  sail  be  fused  upon  char- 
coal, it  is  absorbed. — The  earthy   phosphates,   .such   as 
phosphate  of  lime  and  of  niagne.>;ia,  which  are  liable  to  be 
mistaken  for  this  double  salt,  are  di:ttinguishcd  from  it  by 
not  cotüiing  into  funion  when  heated  with  soda   on  pin- 
tinuni  foil  or  wire.     But  if  the  operator  employe  a  very 
gresil  excess  of  soda  in  this  experiment,  then  the  whole 
melts  to^'etber,  yet  in  tlmt  case,  the  undissolved  eanhy 
phosphate  can  be  diatiotily  perceived  in  the  fused  mass. 
When  the  earthy  pho.spliutc»  are  fused  with  sodu  upo: 
charcoal,  the  latter  is  absorbed  by  tlie  support,  while 
Ibmicr  remain  »lone  upon  lis  surl'ucx*. 


The  pn'spnce  of  lithia,  in  .soliilions  of  the  salts  of  li(,„„, 
is  liettl  determined  as  follows:  The  oiH-nttor  lirst  assures 
bimsell',  by  the  addition  ofa  solution  of  carbonate  of  |)otasb 
or  carbonate  of  soilu,  that  the  salt  in  solution  is  actually  a 
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alralini*  ^t,  wbicli  poJul  in  tlütermined  if  this  test,  on  being 
added  loa  Dut  very  concentrated  solutiuo  ortlic  cunipoiind, 
pnKliirc»  till  priTipitalr.  Id  Itii-  iirxt  itliicc,  ifllir  sdlulioii 
be  uot  troubled  by  solutiuus  i>i  tarluric  acid  and  chloride  of 
platinum,  the  absence  of  jtotash  is  detennined.  U' further, 
the  solution,  on  bein^  mixed  witb  a  Kolution  of  phosphate 
of  »(«du  und  uiniuuuiu,  pruduceg,  after  some  time,  a  strong 
priH-ipitnle,  the  presence  of  lithia  is  determined,  and  Ihnt 
substance  is  hereby  distin^ishcd,  more  particularly  froni 
soda,  but  aJRo  from  potuith.  Finally,  lithia  can  be  suffi- 
ciently discriminated  from  the  otlier  two  alcalies  by  its 
behaviour  before  the  blowpipe. 


rV.    AMMONIA. 

I'urc  ammonia  dissolved  in  water,  possesses  a  strong 
and  peculiar  smell,  by  which  it  can  easily  be  recognised. 
When  the  quantity  of  free  ammonia  in  water  is  so  ex- 
tremely »nmll.  that  its  presence  can  no  longer  be  detected 
by  the  sniell,  it  can  Ik-  easily  detectr.il  by  holding  a  gla.s.s 
rod  luoiätencd  with  pretty  strong  but  uot  fuming  muriatic 
acid,  over  the  surface  of  Uie  liquid :  there  in  (ben  a  produc- 
tion of  while  clouds  over  (be  liijuid,  *nen  wlieu  a  very 
Mmall  qtinntity  of  amniuniii  is  prescul.  If  tlie  quantity  of 
ammonia  be  considerable,  so  that  it  can  even  be  detected 
by  ihe  smell,  the  pnidiKtitm  of  the  white  clouds  is  much 
mure  sirikiiis>  Tlic  glaää  rod  may  also  be  moistened  with 
nitric  arid  or  acetic  acid,  but  ninriatic  acid  is  mure  awnxible 
when  au  extremely  tuiiall  quantity  of  ammonia  ia  to  be 
delected. 

Tile  Solution  of  ammuui»  has  a  verj  caustic  taste,  and 
when  concentrated,  dissoKes  the  skin  of  the  tongfue.  It 
colours  reddened  litmu.-i  paper  strruigly  blue.  If  ammouia 
be  preserved^u  buttles  which  are  not  \vell  protected  from 
atmasphcric  'air,  an  inconsiderable  portion  nf  it  is  con- 
verted, afler^a  very  long  time,  into  rarbunalc  of  animouJu. 

A  solution  of  Chlvride  of  Piatiaum  or  of  Stdphaie  of  Atu- 
mirut  liehuvcs  towards  a  sulntion  of  ammonia  precisely  as 
towards  a  solution  of  pota.sh  (page  -17). 

A  concentrated  solution  uf  Tartaric  Acid  pntdiices  in  tbv 
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solutiim  of  nmrnonia,  when  it  is  coDcentmted,  a  crystalline 
precipitate  of  bitartrato  of  ammonia.  If,  however,  tbc 
solution  be  very  dilute,  no  precipitate  is  tbrmcd. — 'Hiia 
precipilHte  is  far  more  soluble  in  water  than  the  bitartrate 
of  putasl). 

A  aolutioo  of  Carbazodc  Acid  produces  in  the  si»!iition 
of  ammonia,  when  it  is  not  too  concentrated,  no  pre- 
cipitate. 

Hydrofiuosiiicic  Aeid  pnxlucra  in  the  solution  of  ammonia 
a  strong  precipitate  of  silicic  acid,  but  only  such  a  qnan- 
tity  of  hydroflnosilicic  acid  must  be  added  as  leave» 
Hmmtmia  in  cxcc-ti»;  in  (he  oppiMitc  case,  no  precipitate 
is  produced. 

Tn  the  .-lalts  of  ammonia  which  are  sitliilile  in  water,  the 
presence  of  auunonia  is  delecled  by  ^[>lutious  of  C'/ilm-ide 
of  Platinum  and  SaipAate  of  Ahmina,  precisely  the  same 
ns  potash  is  dctcrtcfl  in  the  correspond inir  potash  salts 
(pae:e  4H).  Tartaric  Aeid,  added  in  e\pe,sH  to  concentrated 
solutions  of  amnionia  »alts,  produces  either  a  far  smaller 
precipitate  than  in  the  solutions  of  ihe  correspnoding 
potash  salts,  or  else  no  precipitate  »halever.  CarhasoHc 
^nW  hehave»  in  the  same  manner. —  Ht/dro/iiiosiiicic  Acid 
produces  no  precipitate  in  solutions  of  awni(miac«l  salts. 

Nearly  nil  the  salts  of  ammonia  are  totaUy  volaUIizublc 
by  heat.  The  compounds  formed  by  ammonia  with  sul- 
phuric, nitric,  arsenic,  carbonic,  muriatic,  hydrobromic, 
hydnifluuric,  and  hydrosulphuric  acids,  volatilize  with- 
out leaving  a  remainder;  but  of  all  these  sjtits,  only  the 
carbonate  and  muriate  of  onuDonia  can  be  sublimed  in 
contact  with  atmospheric  air,  without  suffering  decompo- 
sition. The  phos])hate  and  borate  of  ammonia,  on  bf>in^ 
i^ied  in  ^dasK  vessels,  leave  a  remainder.  This  is  also 
the  case  with  hydrofluate  of  ammonia,  when  it  is  heated  in 
vessels  of  jrlass.  which  it  .stroncly  attacks.  In  plntloum 
vessels,  it  volatilizes  completely- 

^Vhcn  dry  ammontaeal  salts  and  canslir  alcaliesur  alca- 
line  earths  arc  triturated   toiiether,  the  welt-knou-n   and 
-peculiar  od(mr  iif  iimmonia,  is  rvndepcd  immediately  per- 
ceptible.   Carbonates  of  alcalies  and  of  alcaline  earths  ■ 
operate  in  the  same  way,  exceptin;:  that  the  ammoniaral 
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odottr  Is,  in  the  tntlpr  case,  weaLcr.  The  like  effect  is 
pruducrd,  l»y  tlif  mixturt;  of  thv.  ronctntratetl  solations  ol* 
amiDoniacal  salts  with  tho»e  of  caustic  »od  carbtinatcd 
alcnlicK  and  alciUinc  earths.  Wfaca  the  quantity  of  am- 
moniu  or  (carbonate  of  ammonia  thii»  diseii^agud  in  too 
small  to  be  cloariy  distinKuishrd  by  the  smell,  its  presence 
is  infallibly  made  known  by  brin<;ing  a  glas»  ixid  nioistciicd 
with  prt^tty  strong  but  not  fuming  muriatic  arid  over  lliti 
surface  of  the  liquid  or  the  mixture  wherein  the  suppoiicd 
aiurnoidural  Halt  is  minuted  with  the  alcali  or  alcaline 
eanh;  for,  hert'by  a  while  cloud  is  pn)duced  wheu  but  a 
very  sliphl  trace  of  anunonia  is  present. 


Ammonia,  like  the  other  alealicK,  produces  with  some 
acids,  salts  which  are  insoluble  or  very  sparingly  soluble 
in  water.  In  these  compounds,  however,  the  pro-senre  of 
nmmnnia  is  delected  by  the  applicittiou  of  heat  alone,  by 
which  the  ammonia  i»  expelled.  To  determine  with  cer- 
tainty the  presence  of  ammonia  in  these  compounds,  n 
portion  is  ie:nited  in  a  glass  tube  closed  at  one  end;  and, 
durini;  tlie  i^ition,  a  glass  rod  moistened  with  muriatic 
acid  is  bnmght  to  the  oprn  end  of  the  ghu»  tube. 


Ammonia,  in  the  .wlublc  amtuouincul  salts,  Ik  bust 
detected  by  the  ammoniacal  odour  produced  by  the  action 
of  caustic  potash.  This  serves  to  distijigiiish  it  from  the 
other  alcalies. — On  account  of  the  action  which  takes 
place  with  s<dutionä  of  chloride  of  platinum  and  sulphate 
of  alumina,  ammoniacal  salts  arc  liable  to  be  mistaken  for 
salts  of  potash. 


>Vhen  ammonia  in  a  fre«^  state  is  contained  with  much 
organic  matter  in  solutions  or  pasty  mixtures,  its  presence 
is  detected  by  the  smrtl.  When  llie  salts  of  anummia  are 
thus  circumstanced,  the  solution,  or  pasty  mass,  is  tntateil 
with  a  conrrntmted  -MiUition  of  ]>otash,  and  tlie  whole  is 
wanned,  upon  which  theod  lur  ol'aiumuuiu  is  uoun  pcrcc|k- 
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liblo.    The  operator  proceeds  in  the  same  manner  wbci 
diy  organic  sub-ttances  are  mingled  «ith  ammtonlacal  salt 
If  the  solution  hv  too  dilute,  it  must  be  concentrated  bj 
cva]iorutioti  bclbre  it  is  treated  with  potash. 
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V.    BARYTI«. 

Pure  barytes  is  of  a  ^Tpyish  wbite  tolnur  and  vory] 
friable.  Wheo  a  utile  walrr  is  poured  over  it,  h<*at  ü 
prodnccd,  and  the  barylt;s  fallä  into  a  white  powder.  AVith 
ft  larcrci'  quantity  of  water,  it  Tonu.s  a  crystalline  mass^.f 
which,  U'  ibt  bnryles  be  pure,  is  completely  soluble  in  hot  ■ 
water.  The  concentnited  solution  of  barytes  in  hot  water, 
dcposils  on  rcMiling,  if  the  atmosphrre  is  excluded,  crystals 
of  hydrate  of  barytes.— The  .solution  of"  barytes  posscsJM's  a 
cMistic  taste,  and  colours  reddened  Utmns  paper  strougly 
bine.  When  i-xposcd  to  air,  i(  soon  altmcts  carbonic  acid, 
and  becomes  covered  with  a  film  of  carbonate  of  baryte«. 
This  in  insoluble  in  naior,  and  (gradually  «inks  to  the  bot- 
tom of  the  solution.  In  proportion  as  it  subsides,  another 
film  of  rarl>nnate  of  barj'tesis  formed  in  the  same  mitnner, 
and  fioally  the  whole  of  the  barytes  is  converted  iuto  car- 
iKtnate  nf  barytes  and  precipitated.— The  hydratuof  harytctf 
dijiKolves  in  a  very  large  qieantity  of  alcohol. — Pure  barytes 
does  not  fuse  at  a  red  heat,  but  the  hydrate  of  barytes 
fuses  at  a  red  heat  with  facility. 

The  solution  of  baryto«  in  water,  after  being  saturati^l 
with  an  acid,  as,  for  example,  with  muriatic  acid,  bebavcs 
like  the  sulutions  of  8uch  iMirylic  italts  as  ar»  easily  soluble 
in  water. 

Thu  moxi  diluted  solutions  of  l>ary  tes,  when  mixed  with 
a  little  diluted  Sitlpfiuric  Acid,  or  the  solution  of  a  Hul- 
phatt,  (five  a  while  precipitate,  which  docs  not  redis»o]ve 
DO  the  addition  of  a  free  acid.  For  (his  jiroof,  it  is  best  to 
use  uiurialic  or  nitric  acid. 

flydroßiiostiieic  Acid  produces  in  barytic  solutions,  after 
a  while,  a  cry.>italliuc  precipitate.  M'hich  is  almost  com- 
pletely insoluble  in  free  muriatic  or  nitric  ucid. 

A  soliiljun  of  rawitic  Potath  produces,  in  concenlratcd 
solutions  of  bHrytic  salts,  a  voluminous  precipitate,  which. 
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on  ibe  addition  of  a  considerable  quantity  of  wiit^r,  almost 
rntirdy  (li!Ui|>pi-uni,  [irovidc-d  that  the  potash  i-mploycd 
be  freu  from  caiiioiiic  acid.  After  some  time,  the  at>!wrp- 
tioii  of  carbonic  acid  from  llir  iitmosphcrr  priHliicCA  in  tbc 
Bnst  place  u  skin,  iiml  .HubK(»)uoutIy  u  pri'ripitate. 

rViwh'r  Amm'niüi  produce»  DO  precipitate  in  barytic  solu- 
tions. If.  however,  the  solution  ofabarytic  salt  beminpled 
w-i1b  cnu8lic  ammonia,  and  ulhi^it'd  to  stand  a  lon^  tini« 
(for  some  dayie)  exposed  to  the  air,  iht-re  i»  a  produclion 
ofcarlKinate  of  barylesuhirh  (ixea  iliclf  very  firmly  to  the 
»ides  of  tlu^  TCJ^scI  iu  the  state  of  cniatalline  Handy  grains ; 
these,  on  bciuf;  snbjcctcd  to  the  action  of  a  free  acid, 
effervesce,  and  diftcnija^  carbonic  acid  pas.  When  the 
carbonate  of  barylc?)  has  been  tlinx  dcponited.  Ibe  liquid 
retains  m»  more  barwes  in  solution. 

A  sidiilitm  of  (tirfwiut/r  nf  Putaah  forms  in  solution»  nf 
hnrytic  koIid  a  white  precipitate,  -which  diti;!Mlves  in  free 
acids.  W  the  (pmnttly  of  the  precipitate  Ik"  pretty  con- 
siderable, its  solution  in  acids  is  nccnmpamed  by  etJenes- 
cence;  if  it  is  but  small,  no  elTerveM-euce  arim;«,  IwcaiiEw 
the  diseasHgcd  carbonic  acid  dissolves  in  the  liquor. 

A  Sülutimi  oi  liirarb'iitate  of  Potngh  produCC::,  in  CODCeU* 

trated  suhittons  of  barytic  salts,  a  white  precipitate,  which 
is  rmly  slif:hil\  solnble  In  a  large  quantity  (if  water,  hu( 
dUsolvci  willi  stnaiff  efTenr'csreDce  in  frer  acid.s. 

A  solution  of  Ctirböuale  of  Ammonia  produces  a  white 
precipitate  in  l>arytic  solution.s. 

\  solution  of  neutral  Photphatf  of  Soda  produces,  in 
barytic  solutions,  a  white  precipitate,  tlic  quantity  of 
vvliirh  is  not  au(;men(ed  on  the  addition  of  caustic  am- 
mniiin,  »nd  which  i.s  .stilubic  in  free  muriatic  or  nitric 
acid. 

.\  .solution  of  Oxalic  Acid,  or  Itmoxaiate  of  Poltnh,  gives 
no  precipitate,  even  in  pretty  con<'entrnted  neutral  etolu- 
tious  of  harjtii'  .>uilt.s.  It  is  only  when  the  solutions  are 
very  com^nlraled,  and  not  then  till  after  some  time,  that  a 
precipitate  appear».  Bat  ujion  tlie  addition  of  caustic 
ammouia,  there  follow.s  a  white  precipitate.  Yet,  even  in 
that  case,  if  the  barytic  Solution  be  very  dilute,  no  precipi- 
tation OCCIUM. 
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A  solution  of  neutral  SitccinaU  of  Ammonia  produces,  ill 
concentrated  rfolutions  ol"  biirytic  salt«,  an  immediate  preci- 
pitate. Ill  diluted  solutious,  the  precipitate  does  not  appt^ar 
l4in  aOer  Home  time.     This  precipitate  \n  .«oluble  in  acids. 

Hifdrosuiphnrrl  of  Ammonia,  vis  wril  «.s  .soliitinn.s  of 
Pnutiate  of  Pottuh  and  Tal Pmssiatf  vf  Potaah,  produce  no 
precipitates  in  barytic  solutions. 

Uf  the  bar^'tic  salts  whirl)  art-  soluble  in  water,  chloride 
of  bHrium  aloiic  can  l>e  heated  to  rednesti.  in  contact  with 
the  air,  wilhmit  sutloring  ilccoraposition. — Tlic  solutitms  of  ■ 
the  neutral  barytic  salts,  that  of  sulphuret  of  barium  ex- 
cepted, hiivc  no  action  on  litinus  paper.  The  solution  of 
sulphurct  of  barium  turns  reddened  litmus  paper  blue. 

The  salts  formed  by  barj'tes  with  most  acids,  as  with 
sulpburic  tirid,  plio.spliuric  arid,  ar.'trnic  acid,  Ixtraric  acid, 
carbonic  acid.  &.r.,  are  either  insoluble  or  .tparin^y  üuluble 
in  water.  Nearly  the  whole  of  these  »alts  dissolve,  how- 
ever, in  free  muriatic  or  nitric  acid :  the  sulphate  of  barytea 
alon«  is  insoluble  in  these  acids.  The  presenr«  of  l>ar)'tcs, 
in  tlie^e  acid  solutions,  eaii  consequently  be  detected  by 
the  addition  of  diluted  sulphuric  acid,  which  produces  a. 
precipitate.  On  account  of  this  property,  harytes  can  only 
be  mistaken  for  stroutian,  or,  in  aomc  catics,  for  lime. — To 
detect  the  presence  of  barytes,  in  siüpbate  of  barytos,  a 
portion  of  the  pulverised  substance  is  boiled  in  wnter,  by 
whirJi  nu-ans  the  operator  convinces  hinLsrlf  of  its  utter 
insolubility  in  water.  It  is  then  boiUfd  with  a  solution  of 
nirhoniile  of  potash  or  stHlii,  and  hltrred.  The  itiMolable 
remainder  U  treated  with  muriatic  acid,  the  solution  i.i 
filtered,  atul  then  tested  with  diluted  sulphuric  aciti,  which 
prmluct's  a  preripilate. — Tlie  method  of  distiiifruishing  sul- 
phate of  hiin'tes  from  sulphate  of  strontian,  both  of  which 
substances  are  acted  upon  in  the  same  manner  «hen  boiled 
with  carbonate  of  alcali,  will  he  described  under  the  head 
of  .Strontian. 

Before  the  Jilmcpipe,  barytes  and  ila  salts  cannot  be 
discriminated  from  other  substances  with  certainty. 
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Bnryte.4  in  solution  in  particularly  distin^ii«hed 
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alralies  in  solutiim,  by  tht-  pniductioa  o^^vbite  precipitates 
ulicn  tested  witli  c»rlMmale  of  pnlii.sli,  uuil  tliluled  sul- 
phuric acid. 


Wlien  iMirytic  «altüare  ruatained  in  solution;«  willi  murli 
onniair  matter,  a  precipitate  of  sulphate  of  l)ur>'tc8  is  pru- 
duccd  by  diluted  tiulphuric  acid,  cvon  nbcn  the  liquids  arc 
vpn-  (Ii(i-lily  citloured-  The  solutions  niiiüt  I*  previously 
acjdululed  by  muriatic  or  nitric  acid.  When  the  «nalyst 
b»s  uhtatned  a  precipitate  by  prorrtiling  in  this  munnur,  it 
iü  proper  that  he  ronvincr  himM-lf  iIulI  itaryti'.s  is  ri-ally 
cuulaiiicd  ill  it.  The  prt-cipitate  must  with  IlnH  view  Ik 
d«rom()o.4i>(l  in  the  niannt'r  which  has  l»eoQ  described  above 
When  bar)t4>>:  is  to  he  tk-tccied  in  pasty  or  solid  organic 
t(ubi4tuiuM.-s,  they  must  be  digested  in  water  acidiilaird  Ity 
nitric  acid ;  the  solution  must  be  filtered,  and  then  tcfitc«! 
^vith  diluted  Hiilphurir  acid. — When  the  compound  for  exa- 
luiuation  voiiluius  sulphate  of  barste«  mingled  with  paiiiy 
or  solid  orj^anic  substances  which  are  not  soluble  in  pure 
water,  it  is  best  to  proceed  as  follows:  The  whole  mass  ix 
jrritdiiitlly  and  cautiously  lieatcd  in  a  Hessian  (Tucihte.  and 
the  beat  is  tinally  iucreased  to  such  a  deffce  thai  the  char- 
coal produced  by  the  organic  matter  reduces  the  ^tulphatc 
ofbiirvtes  tu  sulphuret  of  burium.  When  the  i>piited  iuiih.4 
is  cold,  it  is  boiled  with  water.  The  solution  thus  obtained 
iiideron)|HiKed  by  murialic  acid,  and  the  presence of'barjtes 
is  then  ciuily  dcterted  by  the  iiddition  of  diluted  sulphuric 
acid.  If  the  orKuuic  substances  with  whirli  the  .sulphate 
of  iMirjte«  is  mingled,  arc  soluble  in  water,  it  is  best  to 
separate  them  by  solution,  and  then  to  examine  the  huU 
phate  of  barytes  in  the  manner  already  described. 


Vr.    STROXTJAN. 

StroDtian,  in  a  pure  state,  is  very  similar  in  it»  proper- 
ties to  barytes.  The  same  may  be  said  of  the  hydrate  of 
strontian,  exceptini;;  that  this  is  more  sparinu;ly  stiUible  in 
water  than  the  hydrate  of  barjtc».  The  atpieous  Kolutiou 
of  strontian  ha«  tonsequently  a  les.s  cunslic  laAle ;  but  iu 
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ollipr  Tv.4pe<?ts  Uie  «iluiions  of  the  tw»  earths  bvhave  ronch 
iu  the  sam«  munner.  ■ 

The  sulution  of  strontian,  after  beins:  acidiilaled  by  a«" 
acid,  fnr  example,  by  niurintic  tttii),  behave»  in  thir  Käme 
manner  as  solutions  of  the  ^ts  of  strontian  which  a 
soluble  in  water. 

Sdlutions  lit'  strontian  ^altK  ^ve,  nith  ttiliitetl  SutpAurie 
Acid,  or  with  Milutioiis  of  Stilji/uilm,  a  while  pnTipitate, 
which  is  insohtblu  in  diluted  free  aei<ls.     Kveu  a  »mall 
quantity  of  a  strontian  salt  produces  a  white  precipitate 
with  sulphuric  acid;  but  the  prccipilale  does  not  then 
form  till  after  some  time.    The  re;$ultiii}r  sulphate  ofstroii- 
tian  is,  howcTer,  not  so  insoluble  in  water  as  the  sulpliatc 
of  liiiryteH.     Supposing:  the  snhitinn  of  a  »tronlinn  »alt  to 
have  been  decomposed  by  ."sulphuric  ncid,  not  conipletcly 
.however,  but  in  such  n  manner  as  to  leave  a  portion  of 
strontian  still   in  Koluiion;    and   sup]i(i.>iinir,   further,    tho 
whole  Id  have  Imhii  MulTered  to  n-pose  siiine  lime,  und  theo 
to  have  been  Uttered,  the  riear  liquid,  funiished  by  xho 
riCltration,  is  capable  of  iifTordini;  a  s)ia;ht  white  procipitale. 
I  cn  bein^  tc8ie4l  with  the  solution  of  »  salt  of  h:m'tc«.     In 
»this  manner,  therefore,  can  barytes  and  strontian  be  discri- 
minated. 

IJyrlroßuofiliric  .^rjV/ pmduces  no  precipitate  in  solutions 
of  stmntiun,  even  after  a  loii^  time. 

Solutions  of  Potath  and  Jmmonia,  Carbonate  and  Birar- 
Xltonatf  Iff  potash,  CnrliOJiate  of  Ammoma,  and  Phosjthntt  of 
Snda,  behave  luwards  strunüan  .solutions  exactly  as  to- 
[wards  barylic  solutions. 

A  solution  of  Oxalic  Acut,  or  of  Stncralate  cf  Potath^ 
troubles  the  neutral  solutions  of  strontian  salts;  if  they 
arc  very  dilute,  the  opalescence  does  not  occur  immedi- 
ately, but  only  after  some  time.     The  precipitate  is  verj' 
iCon.*>idenibly  augmented  ui>on  the  addition  of  raustir  am- 
isDouia.     When  a  stnintian  .solution  ^ives  no  iRimeOial« 
tprecipitate  nith  oxalic  arid,  on  account  of  bcin^  ton  dilute, 
the  addition  of  ammonia  causes  the  instant  formution  at 
the  precipitate. 

A  solution  of  neutral  Stirciaate  of  Amtannia  produces  no 
precipitate  in  solutions  of  neutral  salts  of  strontian.     IT, 
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linwrvpr,  the  KciliiliniiK  he  ronrpntnitnl,  u  jircripttati'  i» 
produced  lU'tcr  u  considerable  timt- :  it  iic%t;r  foriUM  imuie- 
diatrly.  The  precipitate  is  soluble  is  acids.  This  reaceut 
scrvcg-  to  diütinpti^b  the  »»Us  of  strontian  from  the  sails  of 
barytes. 

HtfdratulpAuret  of  Ammonia,  »s  well  hk  solutions  ofPrus' 
■»iate  of  Po/aßft,  and  Itrd  Prusslntr  nf  Pohuh,  occatiinu 
no  pr«cipitiitiuii  ill  sutuliuns  ol'^ttroiitian. 

The  soluble  suit«  of  strontian  aKTcc,  in  iheir  relation 
towurdu  hrat,  with  the  sails  of  banips. — The  5()lii(f()n<<  of 
the  two  eHrlli<t  A^^m-  aJso  in  tlit-ir  artion  on  litmus  paper. 

Thtit  which  pcruliarlir  serves  to  dixtin^ruish  the  Mtutile 
stmnlian  mit-s  fniin  (hr  i'orrrjiiKtndiiit:  JKirylic  .salts  is,  that 
when  they  are  dissolved  in  alcohol,  or  when,  not  being 
soluble  therein,  they  are  addeil  to  it  in  a  ptilverisicd  Ktaie, 
the  alrohni,  on  beini;  inflMniitl,  bums  with  a  rHrmine  red 
llame;  the  colour  being  partirularly  observable  when  the 
mixture  is  Btinred,  and  whra  the  alrnhni  is  nearly  all 
burnt. 

Strontian  producer  coin[>ound8  whieh  »re  either  inviola- 
ble or  Nparinjjly  Koluhle  in  water,  with  must  of  the  arids 
willi  which  bcirjiejt  produces  such  Compounds.  TheMi 
compounds,  like  thtk<te  produced  by  barytes,  dissolve  in 
frei^  tnuriiktif  or  nitric  acid,  with  tJic  exception  of  the  sul- 
phate urKtrontinn,  vshicb  is  inuoluble  in  iicids.  To  discri- 
minate belween  sulphate  of  strontian  and  solpiiale  of 
barytes,  which  substances  have  much  similarity,  the  ojie- 
nitor  decomposes  the  compound,  by  boiling  it  with  a 
Milulion  of  carlMMiatc  of  potu^h  orof  Modn.  lie  then  treats 
the  iasohible  remainder  with  muriatic  acid,  dilutes  the  acid 
suliiliiiti  with  uatcr,  tillers  it,  unil  adds  hydrnlhiotiiliric 
acid:  if  the  compuund  connist  of  sulphate  of  strontian,  no 
precipitate  is  produced. — The  miirialic  acid  solution  can 
also  be  evajxiraled  to  dr>'nes.s,  the  residne  be  covered  niih 
alcohol,  and  the  alcohol  b«  inflamed:  the  presence  of 
sirontian  \a  denoted  by  the  rannine  red  colour  of  the 
flame. 

Kefbr«  the  Hloirpipt,  the  presence  of  strontian  is  di*- 
tinctly  indicated  by  only  .some  of  the  iwlts  of  stmntiiui. 
Sulphate  of  älronliun,  in  spltnterä  of  crystals,  held  by  llic 
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st'piinttci)  llierefroin  hy  filtrallun,  pnidacea  with  the  solu 
tion  of  a  i-alrareou«  sali,  a  prrcipiliitc-     Hertby,  cau  8 
Mtluliii''  biirytic  or  stmnlian  snlt  hv,  cliKÜnKuislinl  from  a 
suit  of  lime. 

A  sulutiim  uf  neutral  Stirrinate  uf  Ammonia  pittdiices  uO 
precipitate  in  nuulral  «uiutiuns  of  tlie  italts  of  linir  ;  Iiut, 
thr  Miluijoiis  ol'linie  beverj-  concenlrnled.  crystals  of  sue 
cinnir  of  lime  appear  after  n  couäidrraUle  time. 

HydrottiiphuTct  of  Ammonia,  as  well  us  solutions  of  Pm»- 
Biate  of  Potash  atiA  Rffi  Pnutftä/fo^Fn/axA,  tbi-mnu  |>rocipi-j 
tatt-  in  [riitrareuuN  suliitiuns. 

Tlie  soluble  salts  of  lime  briiavi-,  when  i^ited,  like  the 
«oiuble  salts  of  barytes.' — With  litmuä  paper  also»  solu- 
tions of  both  earths  act  alike. 

Wlicn  alcuhol  is  poured  over  thesohible  cjilcareoun  sal 
aad  «et  on  fire,  it  ImmR  uitli  a  red  colonn^d  flame,  vei 
siniiliir  t»  that  produced  uhrn  suits  of  stnjiitian  are  thus 
iH'uted.     The  »alls  of  lime  cauuut,  in  couscquence,   be 
diätiiiKuislied  from  strontian  salts  by  Ibis   oxperitn«n 
although  it  ^rres  on  the  other  hand  to  distinguish  thetä'j 
wiidilv  friini  biiryiic  salt». 

Lime  produces  salts  vrhicb  are  insoluble  or  sparingly 
soluble  in  ualer,  with  the  .same  actdii  with  which  barytejt 
and  stronlinn  pn«)ucc  such  compounds;  and  the  resulting 
»alts,  like  those  produced  by  the  two  latter  earths,  are 
soluble  in  free  muriatic  or  nitric  neid  :  bnt  the  sulphate  of 
lime,  like  Ihi?  sulphaies  of  han,'te8  and  strontian,  U  insoluble 
in  these  iu:ids.  In  tlic  acid  solutions  of  cülcarctius  salts, 
the  |iri!scnre  of  lime  can  be  delrcled  by  sulphuric  acitl.  but 
the  solutions  rau&l  not  be  too  much  diluted.  This  reueent 
prodnecsj  a  preeipilate,  if  not  imineiliatclv,  yet  after  some 
ÜUIC :  its  production  U  facilitated  by  the  addition  ufiilcohol 
to  tlie  soUitioR.  To  difitin^iish  precipilatcd  sulphate  of 
lime  from  pre(-ipitiilt-<l  .sidphatc  of  barrtrs  or  solphiitc  of 
slrontian.it  is  necessary  to  proceed  aa  follows  :  TIic  preci- 
pitate is  well  edulcorated,  iiiul  theu  huiletl  in  a  consid4!rablA 
quantity  of  unter.  Tlie  solution  is  tilterud,  and  divided 
into  two  portions:  one  portion  is  mixed  with  a  solution  of, 
chloridf;  »f  luirium,  and  the  other  with  a  so 
Oxalat«.    I '  '      **b cases, a  white  pnMipitate  I 
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nnti  Ihiit  aflordod  Ity  the  chloride  of  liariutn  be  iiiäuluble 
in  (iiiirintir  arid,  llicii  thr  biucc  of  (he  Miilpbaie,  is  lime. 

Befnrti  the  BUncpijx,  the  presence  of  lime  cnn  bv  dis- 
tinctly drtrrtpd  in  but  few  of  thr  ralniroous  salts.  The 
charucteritftir  is  llir  wtaio  «u*  Ihr  clmrarliTiatif  i>("stn)ntian 
in  the  stroHtian  suits.  Chloride  of  calciiini,  «hen  boaied 
on  a  iilutiiium  wire  Iwttt  into  an  ear,  behaves  in  the  sumti 
manner  mt  chloride  of  strontiaii ;  that  is  to  say,  it  mmmii- 
nirate»  a  carniine-nrcl  colour  lo  the  outer  flame.  The 
roluur  is,  hnucver,  less  strikiiijcly  exhibited  by  lite  limc- 
sall  than  by  the  stronlini»  sails.  When  the  chloride  of 
ealctum  has  been  fu^cd,  the  colouring  of  the  Dame  in  nu 
longer  perceptible.  The  presence  of  chloride  of  luinum  in 
thr  rhloritir  of  calcium  hindeni  the  pnHliielion  of  the  cnr- 
imioe>re<l  flame.  Pure  lime  «ad  carbonate  of  lime  prodiiro 
a  very  imwerfu)  li};ht  when  exposed  to  the  blowpipe  tlatac. 


Solutions  of  calcareous  salts  are  distinguished  from  solu- 
tions of  alcaline  salt»,  precisely  in  the  some  manner  us 
solutions  of  barjiir,  salts.  Ijimr  is  distiii<;iii.shi^l  from 
baryles  by  its  (»ehaviour  with  both  hydroflmwilirir  acid 
and  sulphuric  acid;  it  is  düilinguished  from  siruntiau  by 
its  behaviour  with  sulphuric  acid. 


When  lite  solution  of  a  salt  of  lime  is  uiiii^lcJ  with  so 
much  organic  aiatter,  as  to  be  very  di-eply  coloured,  the 
best  «ray  lo  detect  the  lime,  is  to  mix  the  solution  with  a 
solution  of  commercial  superoxalale  of  potash,  and  to  add 
a  little  ammonia.  Shimld  the  solution  be  rery  arid,  it 
must  pr<-viouKly  be  neutralised  by  ammonia;  should  it  be 
very  alcaline,  it  must  previously  be  Deutraliscd  by  muriatic 
ncirl.  By  tlii.-*  means,  n\atate  oC  lime  i.«  precipitated,  often 
with  a  very  dark,  colour.  The  precipitate  is  dried  and 
ignited.  'Hie  resulting  caritimate  of  lime  is  dis.solTrd  in 
muriatic  acid,  and  the  presence  of  lime  is  detectnl  in  the 
solution.  When  lime,  or  a  salt  of  lime,  is  mingled  väth 
solid  or  pasty  organic  substanccH,  it  is  best  to  treat  the 
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sepiirateij  llierertom  by  tillruttoii,  produces  wiih  Üie  solu>H 
tion  of  a  calcart'ou»  »alt,  a  pn-cipiiate.  Hereby,  can  &H 
Buliible  l>ar>tic  or  stroiitian  salt  be  distint^ishcil  rrom  a^ 
Sitit  ol'liinc.  ■ 

A  solution  of  neutral  Üucchate  of  Ammonia  prudtices  Qofl 
prt'cipilate  ill  neutral  «olutioiis  of  tlip  salt«  of  limo  ;  but,  if™ 
the  i^oluliüiiK  uflime  1«;  very  cnnreiitratv<l.  crjslals  of  suc- 
cinate of  lime  uiipt^ar  allrr  u  con.sidiTulili'  tiiiir.  ^ 

Hyäroiulpktarel  of  Ammonia,  a»  well  as  sotutionn  of  PTVi~^ 
tiafcof  Potat/i  ami  Jini  I'rumateof  I'vt<ivfi,(oi-taao  precipi- 
tate ill  calcareous  suliitious. 

Thu  soluble  salts  of  lime  behave,  wben  ignited,  like  the 
soluble  salts  of  iKirytes. — With  litmus  pajkcr  uUo.  solu' 
tioiis  of  l>olli  earlk-s  act  alike. 

When  alruh«!  is  poured  uver  the  soluble  calcarcou»  suit«, 
aod  set  od  Are,  it  bums  utth  a  red  coloured  ßaine,  very 
similar  to  that  produced  ulieu  salts  of  siruntiaii  are  thus 
treated.  Tin-  salt.-»  of  lime  cannot,  in  conM'qiicnre,  bf 
distintniislicd  from  ultxititttin  salts  by  Ibis  ex)H'rinient, 
altboui,-!)  it  si-n'Cä  on  llie  other  band  to  distini;ruish  them 
readily  I'rotn  barytic  «alts. 

Lime  produces  salts  nhich  are  insoluble  «r  ftparingW 
xolnlili-  in  witier,  with  the  same  aciils  nith  which  baryteji 
and  Mtroulian  pmdurr  such  conipciuiid.s ;  und  the  n'siihing 
salt»,  like  tliiwe  produced  by  the  (no  latter  earths,  are 
soluble  in  free  muriatic  or  nitric  acid :  but  the  sulphate  of 
lime,  like  the  Sil IpliaU's  ofbarytes  iniit  Htnmtiiiu,  t.s  insnluble 
in  t)i«se  acids.  In  the  acid  Milutions  uf  calcareous  salts, 
the  presence  of  lime  can  be  detected  by  solphuiic  acid,  but 
the  suhttions  ntu.st  not  be  too  much  dihilei].  This  reugcent 
produces  a  precipitate,  if  not  immediately,  yet  after  some 
time:  it«  production  is  facilitated  by  the  addition  ofalcohol 
to  tlie  .Mibition.  To  distinguish  precipitated  sulphate  uf 
lime  from  precipitated  .tnlphate  of  barylcs  or  sulphate  of 
Btrunlian,  il  is  necessary  to  pruceed  as  fullows :  The  preci- 
pitate is  well  edulcorated,  nnd  then  boiled  in  a  con.siderable 
quantity  of  »fiter.  The  solution  is  tillered,  and  divided 
into  two  portions :  oue  portion  is  mixed  with  a  solution  of 
chloride  of  barium,  and  the  other  with  a  solution  of  an 
oxalate.    If,  in  bolb rafic», a  white  precipitate  be  prcKliired, 
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nntl  Ihm  aflordod  Ity  thr  pMnridA  of  barium  bo  iiiriulubta 
in  miihntir  ariil,  llieii  ttir  bnav  nf  iht>  siilptiatp,  it«  lime. 

Before  the  Blotepipe,  the  pr«8euce  of  lime  can  be  dis- 
tinctly di^trcted  in  but  low  of  thr  ciilrurrous  »alts.  The 
churacteriMic- 1»  the  tnuuc  ii»  Ihr  clmrHcti-rifitii:  ot'Hlrontinn 
in  the  strontian  «alls.  Chloride  of  calcium,  when  hcate<l 
on  a  [ilatinum  wire  Iwnt  into  an  ear,  bclmveji  in  the  name 
manner  an  rbloride  uf  jitrontiati ;  tliat  is  lo  nay,  it  «-immiii- 
nicates  a  rarminr-red  colour  lo  the  outer  flame.  The 
colour  is,  boncvcr.  less  .sIrikinKly  exhibited  by  thr  lituc- 
salt  tbau  by  tbe  ätnmiiau  auHn.  Whru  the  chloride  of 
calcium  has  been  fused,  the  colouring  of  the  ihinio  U  no 
loQ^r  perveptililc.  The  presence  orchlrtride  uf  barium  in 
iJie  chloride  of  calcium  hinder«  the  prmliiclion  of  llie  citr- 
miioe-rwl  flame.  l*urc  lime  and  carbonate  of  lime  ]>ri»dur.e 
a  very  powerful  IikIu  »bcu  c\|K>äeil  lo  the  blovvpipt:  flame. 


äolutioos  of  CAlcareuuK  saltK  are  distinf^ished  from  iinlii- 
tions  of  alcalinc  salts,  precisely  in  the  same  manner  as 

solution»  of  Iwrylir  stiUs.  Lime  is  di.sliii-nii.shefl  from 
baryle»  by  its  bcliavioiir  with  both  hydroliiiosiliric  acid 
and  sulphuric  acid;  it  is  diKtinguiühed  from  sininliuii  by 
it«  behaviour  M'ilh  sulphuric  acid. 


AVben  the  solution  of  a  salt  of  lime  is  uiiii^leil  with  50 
much  organic  matter,  as  to  be  very  deeply  coluured,  the 
best  u-ay  10  detect  th«  lioie,  is  to  mix  the  solution  with  a 
solution  of  commercial  stiperoxalate  of  potash,  and  to  add 
u  little  iimmonia.  Should  the  s^ilution  be  very  arlA,  it 
must  previously  br  ncutrulisiMl  by  ammonia;  should  it  be 
very  alcaline,  it  must  previously  be  neutralised  by  muriatic 
arid.  By  thi.«  means,  oxalate  of  lime  in  precipitated,  often 
with  a  very  dark  colour.  The  precipitate  is  dried  and 
ilCniled.  The  resullin?  carlMinatc  of  lime  in  dissolved  in 
muriatic  acid,  and  the  presence  of  lime  is  detected  in  the 
solution.  M  ben  lime,  or  a  .<ialt  of  lime,  is  mingled  wiiJi 
solid  or  pasty  organic  substances,  it  is  best  lo  treat  the 
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has  l>ceii  ndded  is  i  neon  side  rable.  the  mUlitJon  of  an 
»r  iimmonia  is  siiflirirnt  to  produce  a  |>recipilalp,  even 
tlic  iiia)riie»mn  solution  li»s  be«n  previously  dilutt-d  with  a 
lor^e  prup4»rliuii  uf  water.     But  if  the  (|uanti1y  of  oxalic' 
acid  (irot  biituxalalt^  ol'  |H)la»h  Vihicli  has  bern  tiilded  ta] 
tile  uiagiiosiiin  sulutiou  bt  con.'«) durable,  or  tt*  the  »olutionJ 
or  the  ini)y:ncäian  salt  was  not  neutral,  but  cuntn)ni->d . 
frfo  ucid,  ihon  llu-  addition  of  an  oxc*»»  of  nmnionia^ 
produces  iiu  precipilate,  uol  even  in  xery  runccnirat 
soluliuiLs. 

iiydrvtulphttr^l  of  Ammoaia  pnkduci-s,  inniugnraiati 
tions,  uu  precipitate.     Wlirn  a  netiiral  Mduiiun  of  niae-' 
nesia  is  pri>ripitated  by  this  reagent,  it  in  l^'cause    the 
'jircdpilant  conlains  very  much  frve  ammonia. 

SihilinnK  ol'  l'rtia*iute  of  Polmh  and  of  lit^  Vnutsiate  af\ 
Putai/i  produce  no  pa-ripitntc  in  rioluttonH  of  magnesia. 

Of  the  ma^esian  eiaKt;  which  are  easily  soluble  in  watcr»| 
»one  but  the  siilplniteof  ma^nt'.'iiuranheiirnitpd  in  rontaci 
vtitb  air,  uithuul  üufTcring  derum[m.<(i(iitn. — ^The  sulutioDi 
of  the  uuutral  .salts  of  magnesia  liu>e  no  udion  on  litmt 
paper. 

Mu^ieuia  produces,  with  a  f^reat  number  of  acids,  sal 
which  are  insoluble  or  sparingly  soluble  in  water.  P 
phorir:  aci<l,  tirscnic  iicid,  carbonic  acid,  and  boracir  acid, 
all  produce  sails  of  thi.s  dcscriplion.  Tlicsc  äults  are  ttU 
soluble  iu  sulpboric  or  uiurialtc  acid.  But  some  of  the 
acid  .-ialts.  al^er  iiiivin«:  unilt'iK<»Hf  ignition,  rnn  only  bis 
diKsulvi^d  b\  bciu^  boiled  »illiruiiL-i-ui rated  sulpburic:  acid;, 
the  acid  phosphate  of  magnesia  isa  salt  of  thii«  descriptiun» 
To  dctrcl  llie  piT.st^m-c  of  muirticsia  in  ilic  acid  AohitiMiis 
of  the  äaltti  of  uiaijiu-^ia,  they  miisl  be  hoilf^l  uitb  an 
cxcejis  of  u  solution  of  potash,  otten  for  a  prett)*  lonftfl 
time:  the  ni^)(nesia  in  then  precipitatoij,  whdc  the  acid 
with  which  it  wati  combined,  »s  well  as  that  in  whicti  it 
■was  ditiitolved,  combitie  wilJi  tlie  pota.sh  and  remain  iit> 
solution.  The  precipitated  ma^oiesia  is  collected  and 
waühed.  It  Is  liien  examined  before  the  blowpipe,  or. 
jjistead  of  thai,  is  dissolved  iu  an  acid ;  for  which  purpoS' 
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laiiriatir  acid  or  diluted  sulphuric  acid  may  be  taken,  and 
tile  solution  is  examined  by  t«'sls. 

Ttie  salts  o(  inapicsia  can  also  be  detected  by  i^ilin^  a 
«mall  portion  on  charcoal  before  tbe  liUncpipe,  nini.strniiiir 
llje  i^itcd  assay  with  a  solution  of  uitratv  uf  cutmll,  und 
a^iu  litroit^ly  liuatini;  it.  By  Ibis  means,  the  ma^  is 
made  to  acquire  a  pale  n'd  colour,  wbicb  in  iiol  tlu>  case 
u  lib  hmli(!K  (hat  contain  no  magnesia.  Pure  magnesia  and 
carbonate  of  ma^eitia,  it'  mixed  with  natrr  to  n  paste, 
and  then  spreud  upon  charcoal  und  ijtniitcd,  ncquirr  the 
same  red  colour  in>m  solution  oi  cobalt.— flie  prcticnce  of 
mctalUe  oxidcvt,  ulculies,  and  eartbs,  prevent  tbe  reaction 
of  tlie  üolutiou  orcubtilt.  Silicic  acid  does  not  prevent  it. 
(UkRKKLIIIS:   Ur.ber  die  Antcendung  da  Luthrvhrt,  p.  73.) 


Ala^esia,  in  neutral  aoliitioni;,  ifi  diAtinj^ishcd  from 
solutions  of  alcalinc  salts  by  pwducin?  «hiie  precipitates 
wilb  caustic  itmmonia  and  carlwnaie  i>f  pütaüb.  It  iic  ditj- 
tiugoixbed  from  Molutluna  of  barstes,  sirontian,  and  liuie, 
by  caustic  ammonia,  which  produces  no  precipitate  with 
thf  tllrcc  taller  eartbü. 

But  when  tbe  solQtioiis  of  mn^esia  are  acid,  they  are 
distin^ii»hed  rmm  S4diilion«nl'po(asb,  soda,  and  nmmonia 
nllK,  by  pruducin^  a  white  prccipitnic  with  a  solution  of 
phosphate  of  soda,  after  having  iwaw  suprrvatunitcd  with 
ammonia.  They  are  disliiiKUtnlied  fnuii  stdutiuus  ofiittiia 
»alts,  by  afTurdiUK  a  jirecipitate  with  an  e\cess  of  pola^b, 
particularlv  when  the  mixture  is  boiled.  From  Kolulioou 
of  bar}tes  and  Ktrontian,  tbey  are  diütinguUbed  by  afford- 
io);  no  precipitate  with  diluted  sulphuric  acid;  and  from 
aoiutioiLs  of  lime,  by  tbeir  relation  towai-ds  oxalic  acid. 


The  pre.ience  nfnon-volalile  or^»nic  Kubstance»  can  often 
prevenl(or  partially  prevent)  the  pre('ipi(alionorma);ueMia 
by  alcalies.  When,  however,  even  small  quantilies  of  niat;- 
ncüia  are  mixed  with  larpe  quantities  of  oriranic  substances, 
the  former  can  be  precipitated  from  the  soluiions,  by  a 
mixture  of  phosphate  ofsoiii  and  free  amntonia. 
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EX.  ALUMINA. 

Alumina  in  a  stuto  of  purity  is  M-hite,  but  olten,  wbea 
obtained  by  cently  drying  the  hydrate  of  Hliimina,  appea 
ycUowi-tb  und  linniy.     It  is  insoluble  iu  Hutcr,  but  rrudil} 
dissolves  in  acids,  provided  it  Iih-h  nol  been  it^nited. 
tiim  renders  it  diflicnttly  soluble,  and  in  many  acids  neariv 
iDKohiblc.     At'ter  ignition,  it  i»  In-Ht  di^Holvcd  by  dii^siiuB 
uith  concentrated  uinriatic  acid,  diluted  with  a  very  smaQ 
proportion  of  water.     It  can  also,  in  the  same  case,  b9 
difisolvrd  by  dilulfd  but  wtirtn  stilpliuric  arid.    Tlic  nrutr«! 
solution  i>l'  alumina  in  uridK,  brliuvci;,  wlieo  diluted  with 
^ntor,  like  the  sobitions  of  aliitninous  salts  wbicb  an. 
Koliiblu  in  waiter. 

No  frre  acid,  not  even  hydro-iluoetilicic  acid,  pruclucf*!«  a 
precipitate  in  solutions  of  aluminous  »altis. 

A  liobirion  of  Potash  produces  in  neutral  aluminous  solu- 
tions, a  bulky  precipitate,  which  entirely  redissolvcs  in  ao 
cxceKs  of  potasli.  In  such  a  solution  of  alumina  in  potash,  ^ 
a  solution  of  muriale  uf  ammouia  prutluces  a  precipitute  ofV 
aluniiua. 

Ammonia  produces  la  solution»  ot*  alumina,  a  voluniinoiu 
precipitate,  which  no  excess  of  ainnioniu  redissolves.  The 
presence  of  muriate  of  ammonia  does  not  hinder  tlic  pro- 
duction of  this  precipitate,  nor  yd  of  the  precipitates 
produced  by  ihc  iollonin^  reagent«;  on  which  accoiiot. 
sjiltH  of  alumina  raonot  b»  miiitakcn  lor  Hultft  nf  toag- 
ncsia. 

AsolulioiiofCitrbanateofPotaith  produces, like nramonift, 
a  vcdiiniinoiis  ptecipitate.  which  u,  xa  ihii  case  also,  iiisa- 
luble  in  an  excess  of  the  precipitant.  If  the  solution  be 
conceutrated,  an  cffcrresceoce  takes  place,  in  roDseijuence 
of  the  discui^itjeroim^ut  of  carbonic  acid  fina. 

A  solution  nf  liicnrhiiiuite  of  Potash  acts  in  the  «uiw 
manner;  the  efTervexcenre  occasioned  by  the  dischar)^  of 
carlmnic  arid  i;a.s  is  in  ibis  case,  honever,  much  stronger. 

AM>lutiou  oi ('urbviuUe  vj' Ammonia  behaves  in  the 
manner. 

A  solution  of  Phoxphale  of  Sofia  produces  in  neutral 
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tlOUdörnlümina,  a  Toluminous  pr(H-ipilate,  which,  like  the 
othor  itrucipilatcü,  i.h  huIuIjU-  in  auiiU  luid  In  a  »uiluiiuii  uf 
fwiash. 

Holulions  otOxaiic  ActA,  and  of  neutral Ojalata,  effectno 
pnrciiiitatinn  in  ncutntl  NululionH  of  uluininu. 

If  a  üulutiou  of  alumiiiii  be  mixt^l  with  Potash,  cithcf 
caujiiic  or  rarboniitcd,  and  a  sliiilit  excess  of  Sutphurio 
Acid  Up  aildi'il,  ihen  »Iter  Mime  time,  rnsluls  uf  altim  are 
Forinrd  in  ihe  Kolutioii.  If  the  solution  of  alumina  be 
dilute,  it  muKt  prrriouKly  be  concentrated  by  cvtipora- 
liuQ,  ur  tbc  addition  of  {lotasb  and  sulphuric  acid  vrill 
pro<l<i('p  no  rrj'stals  of  alum. 

Solutions  of  Prtiuiatf  of  Potush  and  of  Red  PrvMsiatt 
of  Patnik  producv  no  prccipitutcM  in  iilumiiKniü  xolutioni4- 

HifdrotuIpAuret  of  Ammonia  product?:«  in  neutral  aliiniiuous 
solutions,  a  precipitate  uf  alumina,  while  sulphuretted 
hydrogen  Iwconies  frco.  This  (ras  is  dischnrgcd  from  very 
cone I'ut rated  üolulio»!;  with  eflervesccnce.  As  this  preci- 
pitate c<insi.sts  of  pure  alumina,  it  is  »{)lulilc  in  a  ^olutioo 
of  pota-sh. 

Li'pdfl  Stilphuriilrtl  Hifitrotfitt,  or  a  current  Qt'Si4lpktirt-tfrd 
Hffdroffrn  flat,  pmduces  in  neutnil  lütiminoiiH  •4t>Iution.>i  uo 
precipitate ;  DRither  is  any  precipitate  producetl  whoa 
Kulphnretted  hyilnigen  ^•As  is  passed  into  the  solution  of 
alumina  in  jailash. 

The  neutral  soluble  salt»  uf  alumina  rctldrn  blue  Utmus 
paper.  Thcnallit  which  dissolve  iu  water  cannot  be  ij^itcd 
without  being  decomposed. 

Alumina  produces  with  a  great  number  of  acids,  saltil 
which,  in  n  neutral  ütatc,  arc  insoluble  in  water.  PIiok- 
phoric  »nd  anuMiir  acids  i:ive  .salts  of  Ibis  dcM^riplion. 
I'he.se  salts  arc,  previous  to  itruition,  very  easily  soluble  in 
free  murialic  and  mdphurle  acid,n!)  well  an  in  a  solution  of 
l>otHKh.  The  s<iluiians  produced  by  dissolving  the  phos- 
phate, arscniate,  and  .'umie  other  salts  of  nlnmina.  in  acids 
or  in  a  solution  of  puta^th,  beliavc  towards  rcam-nl^  nearly 
in  the  same  maimer  as  a  sututiou  of  pure  alnmina.  It  i^ 
therefore  very  casy  to  mistake  these  salts  Itir  pure  abimiiia. 
To  dislinpuish  the  one  from  the  otJier,  it  is  necessary  to 
test  the  compounds  tor  the  acids  which  ma>  be  pri-scnti 
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llic  method  of  doing;  thiü  will  be  described  farther  00| 
ulieii  we  fitnw  in  (rt-at  of  llic  uculs. 

Before!  Uie  BhvpijK,  iiluniina  in  a  pure  state,  as  well  aa 
in  mofi)  of  the  compounds  of  aluminti,  particidarly  such  as 
arc  not  easily  fusible,  ran  lir  vrrj"  wv\\  detected.  'ITie 
espcriincQt  consi^tii  in  heating  a  iimall  portion  of  the  sub-  i 
Btance  on  charcoal,  theo  nioisteninf^  it  ^vith  a  sultition  otfl 
nitrate  of  robalt,  and  ajrain  slnjnaly  healing  it  in  the  !>lim- 
pijie  Haiiie;  wherrhy,  a  line  hlut^  colour  is  couiiumiicuied 
to  the  assay,  which  \s  nut  tlie  case  with  subtttaaces  that 
couLiiit  m»  alumina.  The  line  blue  colour  apiwars  of  a 
pure  blue  only  in  dayli;;ht;  wh<!n  seen  by  caiidU-  li};ht,  it 
appears  to  b«  dirty  viulel.  (Berzblius,  Amernttauif  da 
Lötkrohn,  p.  74.)  ^ 


Solutions  of  alumina  are  disfinRnlshed  from  solutions  of 
alcaline  salts  by  producing  white  precipitate  with  au-fl 
monia;— from  .«lohitions  of  bnryte«,  strontian,  and  lime,  by 
producing  a  white  precipitate  will)  ainnionia,  and  uo  pre- 
cipitate with  .Hulphurir  mid,  us  those  earths  do (cxcepiiag^ 
Ibo  solution  of  llinc,  wtiea  too  dilute); — and  from  solution« 
of  magnesia  by  its  liehuriour  with  Mulutions  of  [mtasb 
muriate  of  ammonia. 


When   a   solution  of  ahimina  contains  much  orffamo] 
matter,  «specialty  such    as  cannot  be  volatilized    in    an 
undecompo.scd  state  by  beat,  hut  siilTers  de<'um|>osition  at 
an  elevated  temperature,  and  leavt»  a  large  residue 
charcoal,  the  pre^eiiiee  of  the  aluminiL  is  oHen  incu])iil>le  of 
detcctiou  by  the  usual  reugeuirf,  even  though  the  Solution , 
be  not  coloured  by  the  organic  matter.    Aiumouia  an<j 
solutions  of  carbonate  of  potash  and  carbonate  of  am- 
monia, are  incapable  of  precipitating  alumina  fn>M)  sucb 
solutions,  even  when  added  in  very  prat  excess.    Neith« 
can  crj'stals  of  alum  be  produced  by  the  addition  of  potash' 
»ud  sulphuric  add.     The  preseme  of  alumina  in  solutions 
which  contain  niu<:h  organic  matter  can  iberefore  he  de- 
lected, outy  by  evaporating  the  solutions  to  ilryness  and 
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iirnitini:  the  rcsidtH",  to  de-atroy  the  orptinir  matter.  The 
dry  Dta^  Icit  by  the  igiiilion,  is  iU^psu-cI  in  un  (irid,  as,  tor 
example,  in  muriatic  uuid  or  sulphuric  acid,  and  the  ItUeifd 
stdiilinn  i»  lostti\  ftir  alumina  l>y  the  iisiiiil  n-iiK*-nt8.— If 
aluu>iiia  be  conlainrd  in  suUd  or  [HKsty  organic  üultslatices* 
thcMe  muHt  likewise  br  destroyed  by  i|ipaitioD,  and  the 
residue  treated  io  the  iiiBDner  Jast  described. 


X.   GLUCINA. 

Pure  lEiluciaa  has  a  white  colour,  and  is  insolable  in 
water.  It  diHücitres  in  ucidg,  yet,  al^er  ii(niliun,  not  with- 
out dilhrulty. 

The  solution  of  glucina  in  acids  behave::i  luwards  re- 
agents like  the  suluiiuiis  of  the  sjillm  of  ^lurina. 

Free  acid»  produce  uu  prt-cipila  te  in  wdutions  o(  glHcinii, 
not  PTeii  hydroHuosilicic  acid. 

A  solution  of  Potuth  produces  in  solutions  of  gltirina. 
as  in  HolutioDH  of  alumiiin,  a  voluminous  precipitate  which 
coinptetely  redissolves  in  an  excess  of  pottu<h.  A.  solution 
of  muriate  of  nmtnonia.  added  to  a  Solution  nf  glucina  in 
potash,  pniducca  a  pnH'ipitutc  of  gluciua. 

Ammonia  produces  m  solutions  of  pluclna  a  voluoitnoiH 
prei'i|iitaip,  which  dofs  not  redifwolve  in  an  excy«  of  am- 
monia. The  addition  of  a  solution  of  uiuriate  of  ammonia 
does  not  prevent  the  production  nf  ihi»  precipitate  ;  neither 
lA  niuriiitc  of  iimnuinia  capable  of  hindering  the  reaction  of 
the  lollonin^  reagentii. 

A  solution  of  Carbonate  of  Potanh  producer  in  xoltiljons 
of  glucina,  a  vulundnous  precipitate,  which  redituuilvtrs  in 
a  great  excess  of  the  preci|)itant. 

A  solution  of  likarhoHaU  of  Pottuh  lichares  in  the  same 
manner. 

A  solution  of  Carbonate  of  Ammonia  behaves  like  carbo- 
nate of  potash,  exceplinji;  that  the  precipitated  glucina 
dissolves  more  easily  in  carbonate  of  ammonia  than  ia 
carbimnle  of  pota.s|i. 

A  rtolution  of  Phosphate  of  Soda  pmdurcK  in  «iohitions  of 
glucina,  a  vohiminous  precipitate. 
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Snlutions  of  Oxalic  Acid  »ncl  of  Oxalates  produce  nd 
precipitate  iti  t(i>tuti<inn  of  frlncina. 

When  Pofas/i  is  added  to  a  solution  of  frlucinn,  and  %h* 
solution  i.s  slijfhtly  siipprsstiirated  by  SuJphirrir  Aciii^  no 
crystnU  of  alum  are  pntdiirt^c). 

Solutions  of  Pnissiatc  of  Potath  and  of  Rai  Prwtnatt  o/* 
Potash  prtMluc«  no  pruripjliitr  in  »nlutlnns  ofgluciDa. 

Ht/dratulpinrel  of  AmtNOiiia  prodiir<'3  in  nctitrtil  solutions 
of  gluciua,  a  precipitate  of  {flurina,  «-liicb  ix  soluble  in  a 
soluiion  of  potnsb. 

lAqa'ul  Suljikiimtied  Ifi/drtffrn,  or  a  ciirrrnt  of  fiulpkit' 
rettrd  Ili/dragea  Gas,  pnKluces  no  pTfcipilHtc  in  solutions 
«f  t(luciua. 

LitmuH  paper  18  reddened  by  the  neutral  HoIutioDs  of 
glucina. 

Tbe  salts  of  gluciua  wliich  dixsolx'c  in  water,  arc  derom- 
po.sfxl  I>y  ipiititiii. 

(rlucina  protluces  witli  n  treat  niimbor  of  acids,  com- 
]ioiinds  wliirh,  in  a  uüiitral  Ntatp,  »re  insolutite  in  Trater. 
Thes«*  are  frequi-nlK,  like  the  rorri'spondiu^  compounds  of 
alumina,  difficult  to  be  disiini^uishcd  Crom  pure  alumina. 

(Tlucjna  and  muM  of  it»  eompoiinds,  »hen  mtn'stencd 
>vitb  soltilion  of  nitrate  of  cubalt  and  treated  in  the  flame 
of  the  iihuyijK,  do  not  become  blue,  but  dark  RTf.v  or 
blacJi. 


Sotnlinns  of  i;lurina  are  distinpiished  from  solntiona  of 
«Iraline  stills,  as  well  as  from  thuse  of  biiryle«,  strontian, 
lime,  and  ma;;nesia,  in  the  Hanie  nintiner  as  solutions  itf 
ahimiaa  are  di8tin<>TiiHhed  from  those  rompoiinds.  Ghif-tna 
is  distin^nislied  fnim  alumina  by  its  iK'hariour  with  sotii- 
lions  of  alraline  carbonates,  partir;ularly  %vith  tliat  of  rar- 
bonale  of  ammonia-  It  is  farther  distin;itiislie<l  by  j^ringr 
no  crystals  of  alum  »ith  potash  and  sulphuric  arid,  and 
when  in  a  solid  stale,  by  its  behaviour  with  solution  rfj 
nitrate  of  cobalt  l>etore  tbe  blowpipe. 


When  a  solution  of  ffhicina  contains  a  s;rcat 
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iion-votHtilc  uri^anic  subslanL-es,  the  prescnre  ol'^luriu»  Ih 
as  (lilHcull  of  ilcietlion  by  (he  usual  reagcnls  as  the  pre- 
M-11CC  of  iiliimina  undtT  »itnilar  lircuniMtuncc».  The  only 
method  ol'  proceeding  is  to  cva|H>ratt*  the  wlution  to  dry- 
neiM,  to  calcine  the  residue,  and  to  treat  the  ignitrtt  maas 
u'itli  Diuriulio  acid.  The  presence  of  L^laritia  ran  then  be 
delected  in  thr  munatic  uctd  sululio». 


XI.    THOIUNA. 

On  atx-uunt  of  tlie  »;reat  scarcity  of  tboriua,  I  hare  had 
no  üpporttinilv  of  ]M't>>oiiHlly  exaiiiinine  it»  pro|>er(ies,  ur 
of  provitiR  its  l>ehu^imir  luwanU  reagents.  What  is  said 
here  u)>uD  ihc  «Tibjcct,  U  InkcD  from  the  memoir  ou  tbo- 
rina,  xthich  hii^  been  pnlilisUed  by  Bkkzklii's  (PoccBlf- 
UDKvr'H  AtiMtileu,  T.  x\i.  p.J}85). 

Thorinii  in  n  pure  slate  is  colourless.  AHcr  ignition,  it 
\s  iiiMiluble  in  all  acid»  except  Milphuric  arid,  aud  it  Is 
otdy  dissolved  in  the  latter  by  litrini;  heated  iu  u  iiii\tiire  nf 
cuiicciitnted  suJphuric  acid  with  an  cqiml  weight  of  water. 
Even  when  thorina  has  been  i^niiled  uith  pure  or  carbo- 
nated alcalies,  it  i;t  Mit!  inKoliible  in  miiriatic  orniiric  arid. 
These  «lids  mcn-ly  rxlrart  the  fon-i^n  niaiu-rs  with  whirb 
tiie  thnrina  may  br  contaiiiinuted,  and  which  cannot  be 
extracted  from  the  earth  when  it  ba.><  l>een  ifniiled  without 
the  addition  uf  alcali.  Motit  otiicr  oxide.>i  wbieb  .limpla 
i^nilion  n-nders  insoluble  in  acids,  are  rendered  soluble  by 
iienilioQ  with  alcalies,  in  which  rr.iperl  they  differ  from 
thorina. — The  hydrate  of  iborina,  when  in  u  moi.sl  slate, 
diddolvcs,  on  the  contrary,  very  easily  in  acid»;  but  aftor 
becuDiinir  dry,  it  diswilvex  more  .sparin^Ely  and  slowly. 

A  solittioa  of  Pnirts^  profliireit  a  ^■lalimni.s  precipitate 
in  solutions  of  thorina.  This  precipitate  easily  .sinks  toge- 
ther, and  iti  insoluble  in  an  exreiM  of  the  precipitant. 

Ammoni/i  behaves  in  the  same  ninnner. 

Solutions  of  t'lirboniite  of  Vottiah  and  Ammonia  produce 
in  sohitionK  of  thorina,  a  pni-ipitate  whirb  dissolve«  in  an 
excess  of  ihe  pn-cipitant.  The  »oturinn  is  eflVi't«!  preltj- 
ea-silv  when  (lie  solution  of  the  precipitant  is  conccniralcd, 
but  with  more  dillicully  »hen  the  precipitant  is  too  dilute. 
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A  solution  o^  Phosphate  of  Suda  produreii  in  Kolutions  of 
tboriua,  a  white  florky  precipitate,  tvbich  is  insoluble  in  ao 
exceiut  or  phosphoric  arid. 

A  solution  ni  Oxalic  Aciti  produces)  in  solutions  of  tfao- 
rina.  a  whitt?,  hravy  pn>dpitato,  which  is  insohiblp  in  nn 
excesif  ol'  oxalic  acid  and  soluble  in  nn  exlrrmely  nligfat 
decree  in  other  I'rcr  nnd  dilnlcd  acids. 

A  solution  of  Stitp/iule  of  Potat/c  troubles  (ho  .solutions of 
thorina  very  slowly,  but  it'  the  Solution  ol'  tiulpbate  of 
potanh  be  eoncentralL-d  ami  added  in  excess,  the  whole  of 
the  thorina  is  Unally  precipitated,  as  a  double  salt. 

A  solution  of  Prusniate  of  Potash  produces  in  nentral 
solution»  of  thorina,  a  while  heavy  precipitate,  which  is 
isolubic  in  acids- 

A  solution  t)f  Rfid  Prusmiatc  of  Potash  pn^luc^es  no  pre- 
cipitate in  solutions  »flhorina. 

HyrhiuiulphiirtI  of  Ainnuniin  produrefttn  neutral  solutions 
of  tboriiia,  a  precipitate  I'f  hydrate  of  Ihurina. 

iÄqviä  SvtphurettHl  Itr/elm^eti,  or  a  current  of  iiulpkw' 
ratted  Hydroffem  Ota,  prodnces  no  precipitate  in  solutions 
of  thorina. 

The  salts  of  thorina  which  dissolve  in  water,  are  decom- 
posed by  ignition. — The  solutions  of  many  of  its  salts  are 
precipitiited  by  boiling;  for  exninplr,  ihc  solution  of  the 
sulphate  is  thus  acted  upon.  This  reaction  docs  not  tuke 
place,  iiowevtr,  when  bases  are  present  with  which  thoriiu 
produces  double  salts. 


Solutions  of  tlinrina  are  di.stinpiiisl)ed  from  Kolatinns  of 
alcalif^s,  us  well  as  from  tliii.sr  of  burjies,  .««Inuiti^in,  ami 
lime,  by  iriving  a.  prccipitüte  willi  aiuuimtta  ;  fnim  .solutions 
of  ma^neäia,  by  its  behaviour  towards  aninionia  und  hydro- 
sulphiiret  of  »mmoniu  ;  and  from  Koluiitui.«  of  aluniina  and 
l^lui-iiiu,  by  prmluciiig  with  a  Kulutiun  of  pohL-tb,  a  pre- 
cipitate which  does  not  rcdissolvc  in  an  excess  of  the 
precipitant. 
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^^  Xlt    ITTRIA. 

^  '^l^nrc  Imlrnte  of  yttria  has  a  white  coloar,  wfaicb  ignition 
I     Trmlcni  dirty  yrllow.     It  «nuiily  di!tsolve.s  in  ucitls. 
I         A  solution  of  PottuA  produce!*  in  aolutiona  of  yttria,  a 
white,  rohiminous  preripitate,  which  is  iiuwiuble  in  an 
exccsü  of  tlip  prerijiilant. 

Ammmtifi  bohavcs  in  the  same  manner. 

A  xitliition  of  ('nrhoiMttf  of  Potash  prodiicTs  in  soliilinns 
of  ytlrJH,  ii  whitr  Tolumimiiix  prccipittili*,  which  \a  äljghlly 
soluble  in  a  jrrcat  cxcca*  of  the  precipitant. 

\.  so\u\\on  nf  Jiiearbonate of  Potash  prwlufcsin  solution« 
of  yttria  a  nhil«  voluminous  prvripilate,  which  rompletely 
dissolves  in  a  very  prcal  excess  of  ihc  prctipiliint. 

A  solution  of  ('arbonale  of  Ammauia  buLitvcä  in  the  same 
manner. 

A  üolnilnn  of  Phosphnte  of  Sod/i  produces  in  solntionxnf 
the  neutral  sails  of  yttria,  a  white  precipitate,  which  i.s 
soluhir  in  muriatic  acid,  but  can  be  again  precipitated  by 
boiliii;  the  add  solution. 

A  solution  of  Oxalic  Acid  produces  eTen  in  slightly  acid 
solutions  of  yttria  a  voliiminuus  white  precipitate,  wbicb 
dissolve.«  in  muriatic  acid. 

A  sohiliou  of  Sn(pbair  of  Potash  produces  a  prec:ipiiale 
in  solutions  of  yttriu.  Tbe  precipitate  does  not  appear  till 
after  a  considerable  time,  and  ia  completcly  rcdis^iolved  on 
the  addition  of  water,  even  if  the  nater contain  sulphate  of 
potash  in  solution. 

A  solution  of  Pmssiate  of  Potaxh  produces  a  while  preci- 
pitate in  riolutions  of  yttria. 

A  solution  of  Äiv/  PrHx$'utif  of  Potash  produces  no  pre- 
ripitale  in  solutions  of  yttria. 

Hyth-osni/ihnrrt  of  Aiamonia  produce«  in  neutral  solutions 
of  yttria,  n  prccipilutr  of  yttria. 

LifjHid  Sulphuretted  Hydrofjen,  or  u  currVDt  of  Snlpha- 
retteä  Hydrogen  Gatt  produces  do  precipitate  in  solutions 
of  yttria. 

Tbe  solutions  of  the  oeutrul  salt«  of  yttria  redden  litmus 
paper. 
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The  sails  of  yltria  which  a«  soluble  in  water,  are  de- 
composed by  ig^nition. 

Before  the  fiUnr^ij^e,  yltrin.  which  Whave«  in  the  «une 
mannrr  hü  ^lucina,  cnnntit  be  well  diMingaisihcd  fron 
similar  earths. 


Solutions  of  yttria  are  «listitiiniiiiticd  frcjm  sr)lutioiis  of 
aicalics,  baryte-i,  .sirontian,  time,  and  magnesia,  in  ih( 
same  manner  ati  Holutinns  of  alumina  are  (listiiiKuiRbed 
from  those  .subslance:«.  From  solutiouK  of  alumina  and 
glacina,  those  of  yttria  are  distinpiisbe«!  by  produeiu' 
with  a  sulutiuu  of  |Hitiish,  a  pmnjiitutc  which  does  out 
redissolve  in  an  excels  of  potash.  Yttria  and  tborlna  ai« 
di!»tJnf^i!ih(!d  by  Ilie  double  salt  prixlitced  by  sulphate 
of  potash,  which  if  it  ciaiiain  (lioriiiu.  is  inKoluble  io  a 
Katuratt'd  solution  of  sulpbute  uf  |iotu»h,  but  soluble  it 
it  contain  yttria. 


Thtr  presence  of  non-volatih-i  or?anir  snhKtance.s  in  it* 
aolations,  pi-eveats  the  precipitation  of  yttria  by  oJcalkft. 

Xiri.    OXIDES  OF  CKRIirM. 

a,  Protoxidb  OP  Cbrium. 

When  pure  and  in  the  state  of  hydrate,  the  protoxidr  of 
cerium  is  u'bilc,  but  it  becomes  yellowish  in  the  air  itt 
ronsequence  of  tin*  aljKoq>ti«in  «f  uxyjjen.  When  i|niil«d 
in  contart  with  air,  it  becomes  hrict-red,  beinp  ronvenrd 
inui  |K!r«»xide  of  cerium.  The  protoxide  of  cerium  reailüj 
dissolves  in  acids:  when  heated  with  muriatic  acid,  Ü 
almost  always  dissolves  under  a  feeble  disenKa^tnent  rf ' 
ehliirioe.  Yel  this  is  a  propt-rty,  not  of  the  protoxide  <f 
cerium  but  of  the  peroxide,  which  is  always  rontsined  is 
the  protoxide  in  (»nseqnence  of  the  facility  with  «hirk 
tlie  latter,  when  in  a  moist  slate,  becomes  oxidised  io  ibc 
ajr. 

A  Dolution  of  Potmh  produces  in  solution«  of  protoxAl 
of  cerium,  a  white  voluminous  precipitate,  which  is  in—-, 
luble  in  an  excess  of  the  precipitant. 
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Ammonin  behaves  in  the  same  ninmii-r. 

AäolutioD  of  CarboHute  of  Potmh  produces  in  soluliODS 
or  protoxide  of  cerium  a  white  voluminoun  precipitatp, 
which  {&  ver^  slightly  soluhlo  in  an  exres«  of  the  iireri- 
|Ntant. 

A  solution  of  Jiictirbonate  of  Potatk  or  of  CtarhohaU  vf 
Ammuiiiii  ht-'huvr^  in  thv  siintc  tnunncr. 

A  äöliition  of  Phaspk/it/-  of  Sodu  produces  a  white  preci- 
pilale  in  noutral  solntion»  uf  proto&ide  of  cerium. 

A  suhilion  of  Oxatic  Arid  prudiicos,  oven  in  acid  solu- 
tion» of  protoxide  of  cerium,  if  they  do  not  contain  too 
muri)  free  acid,  an  immediate  white  prcripitatc»  which  is 
soluble  in  a  in^at  excess  of  mtiriatic  acid. 

A  s.jltition  of  SulpAiile  of  Pa/asA  produces  in  solutions 
of  protoxide  of  cerium,  when  they  are  not  too  dilute,  if  not 
imuicdiatcly,  yet  after  some  time,  a  crysUtlliiM*  precipitate, 
which  is  very  sparingly  soluhle  in  water,  and  ijuite  inso- 
luble in  a  solution  of  sulphate  of  potasli. 

A  wiltition  of  Prujiiüitf  of  Potath  produces  a  white  pre- 
cipitate in  solutionR  of  protoxide  of  cerium. 

A  Molntion  of  Rrti  pTHsumle  of  Potnth  produces  no  pre- 
cipitate in  solutions  of  protoxide  of  cerium. 

HydrosHlphurrt  of  Ammonia  produces  in  neutral  .volutions 
of  protoxide  of  cerium,  a  white  precipitate  of  protoxide  of 
cerium. 

Lupiid  Snlphurftted  Ifyfirngen,  Of  a  current  of  Sut- 
phmnttrd  fft/drw/m  fias,  pn»dacc.s  no  prcripitate  in  solu- 
ttons  of  protoxide  of  cerium. 

The  neutral  solutiooit  of  protoxide  of  cerium  redden 
litmus  paper. 

Tlip  saltx  of  protoxide  of  cerium  which  dissolve  in  water, 
arc  decomposed  by  igiiition;  but  the  double  8ul|^a(e  of 
protoxide  of  rrrium  and  pota.sh  forms  hii  exception. 

The  detection  of  ]triiti>xidc  of  cerium,  in  the  compounds 
of  protoxide  of  cerium  which  are  insoluble  in  water,  is 
attended  with  itume  diSiculty.  Tlie  best  way  to  proceed 
ifi  to  dissolve  such  a  rumpt>imd  in  an  acid,  and  to  place  a 
rrast  of  crystals  »f  sulphate  of  p<itash  in  the  solution. 
Thi.s  pniduc^^s  the  double  dulphalc  of  protoxide  of  cerium 
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and  poUixb,  which  is  insoluble  in  n  solation  of  aiiiph&(e  of 

potBSfa. 

Before  the  TiJmfjnpf,  the  protoxide  of  cerium  is  t-on- 
verled  into  the  pemxide.  Thin  <li.s!iolv4*K  in  borax  and  in 
microcosmir  salt,  prodiicinjE  in  thr  outer  flame  a  red  bead, 
i\\e.  colour  of  nhiob  diminishes,  nnd  often  wholly  disap- 
pears OD  cooliriK.  In  the  iiiucr  flame,  the  bead  loses  al) 
r«lour.     (fiBRZELIUS:  Ueber die  Ameendung  de^  Lütfirohn, 

P-  8Ä0  

Soluliontt  of  protoxide  of  cerium  are  distinguished  from 
those  of  alcaliL-s,  barytes,  siroiitian,  lime  and  mn^esia,  in 
(he  »iimr  mttntirro.s  .sdliitiunsnf  »liimina  ure  diiitiiiguishcd 
from  those  substances.  From  alumina  and  Klt'cina,  the 
protoxide  ufyttriiim  is  distinguished  by  its  iii^iidubility  in 
au  excess  of  potash;  from  tboriua,  by  its  relation  tu  beat 
^e  Inttcr  does  not  brcome  red  when  ij^nited,  ncitfacr 
does  it  ^vc  a  coloured  [>ead  when  fused  with  borax  or 
microcosmic  salt  before  the  blowpipe.  When  this  proof 
is  made,  tbe  »ubstunce  must  of  course  have  been  freed 
from  iron.  Protoxide  of  cerium  is  diu  ting  uishfd  from 
yttria  in  the  same  muuuer  as  from  (burina,  and  also  by  its 
behaviour  towards  a  solution  of  sulphate  of  potash. 


A  solution  of  protoxide  of  reriiim  which  contains  non- 
volnlil«  or^^anic-  sulistanees,  ufTorils  nu  precipitate  with 
ulcalirs. 


h.  Pkroxiuk  OK  Ckkiun. 

Peroxide  of  cerium  \%  hrick-rcd  »nd  pulverulent.  "When 
hrated  with  nitirintir  acid,  it  diM.siilves,  under  dist'nifnge- 
ment  of  chlorine  gas.  The  sohition  then  conlains  proto- 
chloride  of  cerium,  and  cimHeqiiently  behaveü  towards  re- 
agents precisely  like  the  solutions  of  protoxide  of  reriuni. 
Even  when  the  peroxide  is  dissolved  by  ijoiling  in  dihiied 
sulphuric  acid,  the  solution  behaves  towards  reagent»  tike 
those  of  protoxide  of  cerium.      Nevertheless,  ibc   white 


tlKCONIA. 

precipitates  of  protoxide  «f  cerium  have  often  in  tliis  can« 
a  tinge  of  yellow,  atlribiitable  to  an  aiimixtun!  ol"  per- 
oxide. 

XIV.    ZIRCONIA. 

Tlio  hydrate  of  zirconia,  like  that  of  uliiniiua,  forms  a 
pale-yellow,  horny  moAs,  which  easily  dUsolve»)  in  acids 
(lor  example,  muriatic  acid),  particularly  nlicn  they  arc 
exposed  to  heat.  When  llie  hydrate  of  airconia  is  ignited, 
it  becomes  incandctceat  at  the  moment  of  lE^nition.  The 
zireonia  produced  by  the  tuition  of  the  hydrate,  has  a 
white  colour,  nnd  is  insoluble  in  most  acids.  If,  howerer, 
it  be  digi-Mcd  fur  a  considenililc  time  in  Kulphtiric  acid,  it 
become»  Milublc  in  boiling  water. 

The  solution  of  xirconia  in  acids  behaves  towards 
reagent.4  like  the  salts  of  7Jrconja  which  ure  soluble  in 
water. 

Asolution  of  Patnth  produces  in  solutions  of  xirconia,  a.<t 
in  solutiimN  of  nlumina,  a  voluminouR  precipitate,  which, 
in  tile  present  ca^ic,  however,  \a  insoluble  in  an  excess  of 
the  preeipitanl. 

Amtaonin  iMitiaveK  in  the  .<ame  manner. 

A  solution  of  Carbonate  of  Potash  produces  in  solutions 
of  Kirconia.  a  voluminous  precipitate,  which  is  slightly 
ttoluhle  in  a  sreat  excess  of  the  precipitaiil. 

A  ünlutloti  of  Bicurhonate  of  Potash  behaves  in  the  same 
manner. 

A  sotulion  of  Carbonatr.  of  AmmaHia  behaves  in  the  same 
manner:  yet  an  excess  of  the  precipitant  dis:tolvcs  the 
precipitate  vritb  ^cater  case. 

A  solution  of  Photpkate  of  Hoda  produces  a  volumioous 
precipitate  in  sulutiims  otKireonia. 

A  solution  of  Oiaiic  Acid  produces  in  solutions  of  jdr- 
conia,  a  voluminous  precipitate,  which  is  soluble  in  a  ^rat 
.excess  uf  muriatic  acid. 

A  concentrated  -solution 'of  Sulphate  of  PotaJt  prodnces 
in  solutions  of  zireonia,  after  a  short  time,  a  white  preci- 
pitate, which  \fi  üohihle  in  a  tar^re  (piantity  of  muriatic 
uciil.  When  this  priHripitate  i.s  prixlucL-d  i»  a  wann  solu- 
Uon»  it  is  nearly  insoluble  both  iu  water  and  acids. 
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A  solution  »f  Praxsiate  of  Potash  produf:es  a  white  pi»- 
cipitule  id  solutions  of  urconia. 

A  solution  of  Hed  Prtutiate  of  Potash  produces  H 
precipitate  in  solutions  of  ziiconia. 

H^otnlpktrrri  of  Jmimmia  prudiires  in  Kolutioas  ot 
ximmia.  a  Toliiminnus  pnyipilati'  of zinonia, 

Liqaid  Sttlpknrrtted  Ilyiirotfcu,  aud  Sulphnrrtted  Hydr»- 
gen  Gas,  produce  no  prrcipitate  in  solutions  ufzinxmia. 

Tho  neutral  solutions  ofxirconia  rwlden  litmus  paper. 

The  satis  iif  xirronia  »liiih  un  solubU*  in  wuttr,  an 
(leroniposed  by  ignition. 

The  compoamis  of  zirronin  with  acids,  when  in.«it»lalile 
in  water,  arr,  in  mauy  ca.se5,  ftiSicott  to  be  distiutruiskcd 
Irom  pure  zirf  onia. 

Bpfiire  the  Blotrpipe,  zirronia  canuot  be  distinctly  dtf> 
tiu^oii.ibed  from  similar  substances. 


Solutions  oTzirconia  ai-e  distineuisbed  from  äolutioasiif 
alcalics,  buryte«!,  strontian,  litni>,  atid  magnesia,  in  Ibc 
same  manner  as  sohttionx  of  alumina  are  distingnialwd 
from  those  Nulwtanri-.«.  From  ulumina  and  ^ucina,  sir- 
conia  is  distintnii^cd  hy  it.s  iiiMilubitilY  in  mi  excess  of 
jMitiuili.  From  tlioriiia  und  ytlria,  by  lEiving  with  a  sols* 
tion  of  sulpha!«  of  potash,  when  heated,  a  precipitate 
whirb  is  n(>]irly  iiisitluiilc,  nnt  only  in  water  hnt  in  acids; 
wtillc  the  prH:tpitatcit  produi-üd  by  Kulpbale  of  potash  id 
solutions  of  thorina  and  ytiria,  can  be  diiUMilved  by  a  lufr 
c|uaHtity  of  wiiti-r.  Zircoiiia  is  also  distininiish«d  fym 
yttriu  by  being:  rendered  iosoluble  in  acids  (with  the  ex- 
ception of  sulphuric  acid)  by  ignition,  wbcreas  the  ieviled 
ytiria  di.iMtlve.s  pretl>  ca.sily  in  muriatic  acid.  KittaUv,  it 
i.sdistiiiciiishfd  from  pmtoxideof  cerinm  by  not  acqujrinic 
the  red  colour  uf  perovide  of  «rrium  on  cxpasure  to  beat, 
and  hy  not  producin«  when  fused  with  borax  or  micTocoa- 
niie  «alt  belon-  ihc  1iIo\Tpipe,  n  coloured  bead,  eith«rr  Iwforr 
or  nOcr  cooling,  provided  the  zirconia  has  been  complete!; 
fVeed  from  iron. 


THK  OXIDES  or  MANOANBSB.  flQ* 

The  presence  of  non-volniUe  organicr  substances  in  it« 
solutious,  hinders  the  precipttaliuu  of  zirronia  by  ulcultcs. 


XV.    OXIDES  OF  MANGANESE. 

a.   PROTOXIDB  OP  MaNOANRSR. 

In  a  imrt"  state,  this  Riilistani-p  is  pulveralenl  and  of  a 
|TC}i»h  green  colour.  It  Ls  nf  rai^ occuiTeiice  in  analytical 
examinationä.  It  ^radaally  become»  oxidised  in  the  ulr« 
an'i  turns  brown.  When  it  is  free  from  deutoxidc  ol'man- 
pinpse,  it  dissolves  in  murinlic  acid,  without  (lis^'iiijajjement 
of  ehlurine  fias  uti  rxposurr  tci  heat.— The  hydrate  of  the 
protoxide  is  while,  but  it  very  quickly  becomes  oxidised 
in  the  air,  and  changes  to  brown. 

Ttic  eolutiomi  of  the  protoxide  in  acids  behave  towards 
reai;ents,  liki^  Iho  sails  of  protoxide  of  mnn^aucse.  Tbese 
have  Keucrally  a  very  pale  red  colour. 

A  üolutinn  of  PotatiA  prDducr.s  in  solution.'«  of  protO-^alu 
of  BiunKanejtc,  a  while  precipitutc,  which,  if  air  lias  access, 
very  soon  becomes  yellowish,  then  brown,  and  lin^^ily 
black. ;  thia  change  of  colour  is  particularly  obsen'nblo  at 
the  point,  where  the  precipitate  is  in  contact  with  ihe 
atniosphcre.  If  to  a  solution  of  »  prolosall  of  iuiui^.inc.se, 
a  jiolulioa  of  uiuriute  of  auiniouia  be  added,  and  theo  a 
Solution  of  potairh,  a  white  precipitate  is  likewise  pro- 
duced, which,  however,  does  not  become  brown  so  »wti, 
on  bein^  exposed  to  the  iaflttence  of  the  atniuspliei'e- 

Ammama  protluces  in  ncutml  solutions  nf  the  protosalta 
of  manganese  u  white  precipitate,  which,  ifuir  has  access, 
very  ^nan  turns  brown,  and  tinally,  at  the  point  of  contact 
with  llie  air,  black.  If  a  solution  ol'  muriule  of  uninionia 
ha«  previously  been  added  to  the  solution  of  mang.cicjte, 
ammonia  brings  forth  no  precipitate;  and  a  solution  of 
muriate  of  ammonia  easily  rtdiasolve.s  the  precipitate 
which  hati  been  already  fumaed  in  the  .solutioti  of  manga- 
nes«  by  eaustic  ammonia.  But  the  clear  solution  thus 
produced,  if  expo>ied  to  lb«  atmosphere,  becomes  brown, 
and  deposits  the  insoluble  brownish  black  deutuxidc  of 
manganese.      This  happens  first    at  the  .turfuce   of  tho 
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liquor,  wberc  the  ueparatoil  di-uttixido  fixes  itself  finnly  on 
the  sides  of  ihc  vessel. — If  the  »otution  ofmangancM-  has 
Wen  precipitated  by  taustic  amiuoniii.  and  thr  »bolrbu 
ItccD  HO  loii^  a  time  expusctl  to  tlie  »ir  that  tlic  precipiute 
has  boconic  brown»  the  addition  oC  a  solution  of  niuriai« 
(if  amninnia  does  not  effect  the  solution  of  the  whole  pr*^ 
ripitatc,  hut  merely  dissolve.«  that  portion  of  jiroiuxide 
which  has  not  hi-rome  more  hifclily  oxidi.sed.  aud  leaTcs 
nndiäsolved  the  hrowni.sh  black  dcutoxidc  produced  by  thf 
oxidising  action  of  the  atinospherc. 

A  sohition  aC  Cfiriwnattt of  Pittitx/i  pnMhiies  in  sulutiou 
of  prutosulLi  of  nianfTiiiiese  a  white  jirttripitate,  which  on 
•Xposure  to  air,  does  not  chaaj^e  its  colour,  but  remains 
perfiKdy  «bite.  This  pi-ecipitatc  is  very  slijihtl^  soluble 
in  R  solution  of  muriate  of  aninionia. 

A  Sdhilion  of  fiicorhoaafi'  of  Pofrish  produces  in  sulationt 
of  protosjilts  nf  mangiinrsr,  ii  Hhit<-  pivripitate.  In  dilut«] 
flobilioiis  ihc  pri'cipitiLle  appears  only  aftrrhome  time.  If 
the  äolulion  of  mantnuiesc  contains  mariatc  of  ammoDia, 
the  arlditiun  of  hirarhoiiarc  of  pota-tb  does  not  produce  an 
iinmL>dtate  prucipitati» ;  yet  precipitation  eusueü  after  soiw 
time. 

AKiiliitiontif  Carhaiuitr  uf  Jtttmonin  produres  in  Kolutions 
of  protosalt»  of  mantranese  a  «bite  precipitate,  which  is 
not  affected  by  the  action  of  the  air,  and  is  very  slightly 
Koluble  in  a  .toluticm  of  muriate  of  ammonia. 

A  solution  of  Phosphate  vf  Soda  produces  in  solutions  of 
pnilosiilt-s  of  manganese  a  white  precipitate,  nbicli  remiua» 
UQaltercd  when  exposed  to  the  atmosphere. 

A  solution  of  Oxn/ir  j^nW,  added  to  concentrated  neutnU 
solutions  of  protos^alts  of  manganese,  pmduces.  after  mmm 
time,  a  white  crystalline  deposit  of  oxalate  of  iuanf;aneaev 
which  is  inäoluble  in  free  oxalic  acid.  Even  Ja  concen- 
trated solutions  of  proloiiiilpbate  of  manfan«i>e,  Ihc  addi- 
tion ufa  solulion  of  oxalic  acid  pro<liicori  cryxtallino  oxalate 
of  manganese.  !ii  diluted  solutions  of  protosallü  of  mttn- 
ganese,  these  crystals  of  o\alatc  nf  miin^canrse  caiiniit  hi? 
produced.  They  disappear  upon  ibc  addition  of  sulphuric 
or  muriatic  acid. — Solutions  of  the  Oxalatet  produce  in 
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solntions  of  protoxitl«?  ul'  manganese,  the  same  crystalline 
deposit  of  oxalate  of  manganese.  When  a  sulution  of 
oxalic  neid  or  nf  an  oxalate  lias  Iteea  atided  lo  a  dilute 
«oliition  nt  mnnsaiwsf,  and  no  precipitate  has  been  pro- 
diiced  ID  coD.tequrnt-e  of  (he  dilution,  the  adililion  of 
ammonia  occasions  the  lorrauliun  of  a  precipitate.  If, 
however,  the  manjj^anvse  >i4itiition  contain  muriate  of  am- 
monia, U'  it  he  acid,  or  if  llie  quantity  of  oxalic  acid  or 
oxalate  be  too  considerable,  then  the  addition  of  ammonia 
edecluateii  no  precipitation;  but  if  air  Ik>  then  p^nniltcd 
to  hft>c  access,  the  air  etfects  the  pnKliiction  u(  iiiKohihle 
broH'ni)ili  black  deutuvide  of  man^'anese. 

A.'irdiitlon  of  Pruuinle  of  FotnsA  pnKturr.s  in  Molutiotut 
orprotiMHltxnfmauK'aiiese  H  nbile  ur  pale  red  precipitate, 
which  is  soluble  in  free  acids. 

A  solution  of  lied  Prussiat«  of  Potash  produces  insolu- 
tifms  of  pnitofiallH  of  man)*aaeHe  a  bronu  precipitate, 
which  is  not  soluble  in  free  acids. 

Hgdmxulphurvtvf  AiHrnon'm  produccH  in  neutral  solutions 
of  pi-oloKalls  of  man^uncfie,  a  yellowish  or  flesh-red  preci- 
pitate. The  colour  of  the  precipitate  must,  in  small  ex- 
lieriments,  tie  judiied  of,  »hen  the  precipitate  has  com- 
pletely subsided,  for  the  colour  doct  not  appear  pure  while 
the  precipitate  is  Muspeiideii  in  tbe  liquor,  »hieb  receives 
a  yellowish  colour  from  tlie  exces.'i  of  the  reaiccnU  The 
precipttulc  docs  oot  redtssolve  in  on  cxcesR  of  hydrosut- 
phurct  of  ammonia.  If  the  llesh-red  prL-cipitate  of  .tul- 
pburet  of  manganese  come  into  contact  «ilh  the  air,  if,  for 
example,  it  be  galheml  upon  a  filter,  it  liecomes  oxidised 
at  the  Murface.  and  assumes  a  bro\f  ni.sli  black  colour. 

Li-fvid  Satphttretled  Hydrogen,  or  a  current  u(  SulpAurctted 
Hydrtyen  Gat  prodneeH  in  neutral  KululionH  of  protoxalts 
of  man^iuiese,  no  precipitate,  unless  a  very  weak  acid  he 
combined  with  tbe  manuuiiese.  Uul.  after  llie  uddition  of 
the  liqiiiil  Milphurelled  hydrogen,  a  pale  flesh-red  precipi- 
tate can  be  produced  by  adding  a  few  drops  of  ammonia. 

Of  tbe  protosults  of  mau^.tueso  which  cuJiily  iIi.<;solve  in 
water,  none  lint  tlie  pnitosalphate  of  niangauese  can  l)o 
ipiited  in  contact  with  ilic  air  witliout  being  decomposed. 
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And  even  this  salt,  when  it  bus  been  i^ited   too  strongly, 
6ves  not  coraplctrly  dissolvr  in  water. 

The  ficiluticms  of  tbc  nrmtrul  pmlosiUt«  ol'  maniraneiMtwi 
without  action  on  litmus  paper. 

The  eomiHiund.t  of  protoxide  of  mantmaese  vrith  »äd$, 
which,  in  a  neutral  ittate,  are  insoluble  in  water,  can  b» 
dissolved  by  free  acids,  for  instance,  by  dilnted  sulphuhr 
or  muriatic  acid.  To  detect  the  preKcnce  of  protoxide  of 
manganese  in  these  solutions,  the  operator  tirst  neutialisa 
the  free  arid  bv  ammonia,  and  then  adds  hydrosulpfaniei 
(if  ammunin.  This  iirraKioiiK  the  precipitutiim  «if  Kiilphnm 
of  manganese,  the  yellowish  or  desh-red  colour  uf  which  ii 
very  characteristic.  The  protosalta  of  manf^anese  «hirii 
are  in^tolutde  in  water,  are  commonly  precipitated  bi 
ammonia  with  the  peculiar  white  colour  of  inunjiraiicse: 
bat  this  i£  converted  by  the  bvdrosulp buret  of  ammonit 
into  desh  red.  When  the  protoxide  of  man^nese  ü:  cob- 
liined  nith  an  acid  which  i.<t,  in  a  free  state,  precipit^k 
by  hydrosulphuiet  of  ammonia,  «ucb  as  arsenic  acid,  wfaid 
produces  sulpliiiret  of  arttenic,  it  is  then  necessary  to  »U 
an  excess  of  bydrusulphuret  nt ammonia.  'HiisredissolTCi 
the  metallic  «tulphuret  pmduced  by  the  radical  of  the  atU, 
but  leaves  tbcr  sulpburet  of  mangrancte  uiidissolvrd. 

The  proloNalt.'«  of  manganese  are  extremely  well  rharsc- 
tohscd  by  their  behaviour  before  the  Blou-pipe.  Whca 
treated  on  rharcoul  with  borax  or  microrosmic  salt,  thej 
pr»diice  a  IkiuI  which  acquire«  in  the  outer  blowpipe  flaior 
lu)  amelhyHt  coluur,  which  disappears  in  the  inner  flume, 
and  renppi-ars  in  the  outer.  The  siuullest  jiortion  of  inaD- 
KftncRU  can  Ik'  detected  before  the  blowpipe,  by  fusing  the 
Halt  nitb  Hoda  on  platinum  foil.  The  melted  mas«  cüiibiti 
u  irreen  colour.  (BuRZKLits:  jfrnwoiduMg  drt  Uufkr^tkn, 
I'- HO.)  

SolutiouR  of  protOftHs  of  mnnpanesc  arc  so  well  cbarao 
teriMHl  liy  their  irertfon  with  h%drosulphurct  «f  ammonia, 
(liiit  they  f'unnni  Ik>  mistaken  for  solutions  of  alcaline  oc 
curlby  Hulbi.  __^__ 


r 
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When  a  sohilioD  of  pniloxidt*  »f  rnnrifrane.te  coDlaina 
tniirh  orpinir  iiialter.  il  is  best  to  prccipiiattr  the  miinfa- 
nesf  by  bydniRulphunst  of  amoionia,  tuut  to  exainior  tJir 
precipitated  snipburct  of  raancTUiest*  before  the  blow-pipe. 
Whpii  pmtnxide  of  manganese  is  conlaiuc<l  in  sülid  or 
pasty  organic  iiubstances,  tbe  tiest  way  to  proceed  is  to 
calcine  a  portion  of  tlir  romimuiiii  by  lli»-  blimpipe  flame 
on  a  piece  of  platinain  foil,  and  to  (use  tbe  rcitidnc  with 
soda  on  tbe  snme  sopport. 


h,  Dbutoxiub  (IK  Mankanrsr. 

l)ruto\idt-  of  n)itii<;anL-si-  in  a  pure  stale  is  black,  and 
fhvcs  a  black  powder.  It  dissolves  in  muriatic  acid,  and 
psNiduce«  a  dark  brown  snlrition.  This  snielis,  even  in  the 
enld,  nf  ebb>rine,  heranM-  the  perehloride  of  maiij^nexe  is 
pradually  reditred  lo  pnitochloride.  When  the  deuioxide 
is  boiled  with  muriatic  arid,  Ihin  reduction  is  elTecte«! 
quickly.  The  »oliilion  then  lose»  its  dark  colour,  {.-iviu^ 
out  at  the  same  time,  a  >itr»nf(  ütnell  of  chlorine.  The 
txiileil  solntinn  behaves  tonurdH  rraeents  like  llie  KotulioD 
of  prutoxidir  of  manfrajietic.  If  the  deutoxide  bv  digritted 
with  ratber  dilute  Sulphuric  acid,  it  produces  a  violet- 
coloured  Solution,  which  is  not  ko  readily  reduced  by  buil- 
iiiff  as  the  muriatic  acid  solutiou.  The  dccoui position  of 
this  solution  is,  however,  effected  easily  by  beating  it  with 
onjanic  .tubHtanees,  such  as  su^tar  or  alcohol;  it  is  at  the 
same  lime,  deprived  of  its  colour.  Tbc  dculoxide  of 
mang^auese  scarcely  dissolves  in  nitric  acid. 

Tbc  hydrate  of  deuioxido  of  raausancBc,  which  occurs 
native,  is  similar  in  appeanim-e  to  the  )K>ntxide  of  man- 
f^n«se.  In  rommerre,  it  is  often  mistaken  for  the  latter 
snbstuncr,  brcnu.<ir  when  in  ti  cr^.tialli.si-d  state,  it  has  the 
suiiie  black  colour.  It  is  distiu^iiislu'd  fruiii  tin-  peroxide 
by  frivinfT  a  brown  streak  upon  uneiazcd  porcelain,  while 
the  .itrpak  t;ivrn  by  tbe  peroxide  is  black:  il  is  farther 
distingiiish(.-d  froii)  the  peroxide  ol  man^oese  by  giving  olf 
water,  when  heated  in  a  little  glass  tube  closed  at  one 
end. 

Beturc  the  Blatcpipe,  the  dculoxide  of  mangaucsc  and 
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Its  ciimpoiinds,  helinve  like  the  protuxide  of  mangaof» 
and  tbe  »»Its  ufthv  protoxide. 

A  solulioa  of  Vnlmh  produces  in  the  muriatic  acid  solu- 
tion »f  ilcutoxidc  of  muiic:anc:>(:  a  durk  bro%Yii  voltituinuiu 
precipitutc.  The  presence  of  miiriaie  of  ammoiiia  <ihm 
not  hinder  llie  pradiiction  of  thi-s  precipitate,  nor  yet  otf 
the  precipitates  deiwriiied  l>elow. 

Amtnoniu  lic^bavo.s  in  \\if  sunie  manner. 

A  flolulioD  of  Carbonate  of  I'alash  produces  in  the  nuD- 
atic  acid  solution  of  dcutoxidc  of  manje;ancsc,  a  bron 
voluminous  precipitate, 

A  solution  of  Uiatrbonate  of  Potaxh  behaves  in  tbe  samt 
manner. 

A  »ulutioii  of  Carbonate  of  Arnnonvi  ha.H  the  same  cAxt 

A  solution  of  fkospfiaie  of  S<Nia  prvducvs  in  the  man- 
atic  acid  solution  u{  dcutoxidc  of  manganese,  when  liie 
solution  has  been  as  accurately  as  patsiblc  neutralised  li| 
ammoniii,  a  hrowii  prcripttute.  Thi.s  |ir<-(-ipitate  is  tu 
raoreTulumiuous  and  of  a  ligblcr  colour  than  liie  preci|ii- 
tales  produced  by  the  re«Rents  cited  above. 

A  Huliition  of  Oxalic  Jcid  proiIuce-!i  no  prmripitate  ii 
the  Holuliou  of  deutuxide  ot'  manganese,  but  after  saow' 
tiiue,  it  rt-nder*  the  liquor  colourless. 

A  solution  of  t'nigxintf  ttf  Votnsh  pniduccs  in  the  aolii' 
tion  of  dcutoxidc  of  luangaiiese,  a  ^eyish  ^^fceu  pred* 
pi  täte. 

A  solution  of  Red  Pnstiate  of  Potatk  pmdticcs  a  broni 
precipitate,  ttie  siuue  as  in  sointionü  of  protoxide  at 
tnan^'unese. 

Uydrtysulpkaret  of  Ammonia  produces  in  a  solution  of 
<leiitoxi(le  of  mani^ancjie  which  is  »aturaled  by  acDiuonia, 
the  same  äetsh-red  precipitate  as  in  solution«  of  prutoKlde 
of  luanganeNc.  When  a  laoliition  of  deutoxide  of  manga- 
nese bus  bot-u  xii))ersaturali;d  by  amnionia,  and  tlir  deni- 
oxide  has  been  thereby  thrown  down  an  a  durk  bmitn 
precipitate,  the  addition  of  hydrosniphuret  of  amuiouia 
converts  the  deutoxide  into  sulphuret,  and  rhangcs  iu 
colour  to  lltr.sb  n.:A. 

Liquid  Sulp/iitrettetl  Hydrotfen,  or   a    cnrn-nt    of    SA 
phurftted  Hydrogen  One  produces  in  solution:!  of  deuloxidr 


of  mnnfffim-sf,  a  luilk-wbilf  jireripilate  of  sulphur,  while 
the  deutuxide  ia  reduced  to  protoxide. 


e.    PKROKIDB  op  MaNGANUHB. 

The  peroxide  of  manganeae  is  black,  and  it»  crj'stal» 
^vc  a  pure  black,  streak  apon  iiii!;lazc{l  porcelnin.  Igni- 
tion renders  the  iKTOxidn  of  iuniii,ni»est'  hroun ;  oxvgeii 
gas  18  disen^i^d,  and  the  product  is  thp  intermediate 
oxide  of  manganese  (Mansriini»\yd-o\ydiil);  a  pmty 
Htrtm^  beat,  however,  is  rrquircd  to  rlFcrt  this  <'hit»]E:i?. 
When  the  pen>xidc  is  pure,  it  (fives  no  water  on  beinff 
heatwl  in  n  little  «lass  lube  rkwed  at  one  end  ;  il"  water  is 
pnidiji'e^l  HJien  tlie  i-x|>i>riin(>nl  is  made,  il  pn>ves  that  (he 
peroxidi'  «.-oulaiiut  hydrate  of  deutoxide.  uhich  is  very 
frcqiirntly  (he  case.  In  murintir  arid.  Ihe  peroxide  of 
manganese  dissolves  in  ibc  cold,  ond  proditcvA  a  brown 
Koltition  containine  deutoxide  of  manpancse;  chlorine  ea« 
is  disengaged  dnhni;  the  solution.  In  ■«ulpliiiric  acid,  it 
tliiutolves  at  a  Imilinf;  heat,  under  disen^a^rfuient  of  oxy^t^n 
?as.  In  this  case,  it  produces  a  violet  itolulioii,  »bich  nlso 
contains  deutoxide  of  manganese.  The  presciire  of  ormnio 
substances  promotes  the  solution  of  xhc  peroxide.  It  ii 
then,  houever,  converted  into  protoxide,  nol  under  di^-n- 
güfrrmcnt  of  chlorine  or  oxygen  (;as,  but  of  carbonic  acid 
gas. 

XVI.    OXIDE  OF  ZINC 

Oxide  of  zinc,  in  a  pure  state,  is  white.  When  heated, 
il  assumes  a  lemon-yellow  colour,  but  becomes  white 
again  as  mmih  as  it  is  cold. — It  i^t  nol  volittiliz«!  by  hciil. 
ItdissoIve.H  readily  in  atids,  even  after  having  been  sironjriy 
beated.  The  solution  Iwhaves  towards  reagents  like  the 
■otutions  of  .vilts  of  ovide  of  zinc. 

A  solution  oiPolfish  produces,  in  solutions  of  zinc  salts, 
a  while  f>elatinnus  precipitate,  which  redissoKcs  in  an 
excess  of  the  precipitant. 

Ammonia  behaves  in  the  same  manner. 

A  solution  of  Carhnnate  of  Vvlash  produces,  in  sobilinns 
of  sine,  a  white  precipitate,  which  is  soluble  in  no  excess 
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of  the  proctpitont ;  it  dissolves,  iio\\evei,  in  a  solution  of 
potnsh  or  ammouia.  IT  iho  soliitioD  contain  iniiriate  oT 
nmmmiia,  rarlMin«tP  of  pnlHsh  produces  no  prrcipitatt:  in 
the  cold ;  but,  if  the  solution  be  hoiltil  until  the  ammo' 
nlacal  salt  is  dccom]>o.-^d,  then  a  precipitate  is  formed. 

Asolulion  ui BicarbuutitF  fif  Palash  priduct'tj  a  while 
cipitale.  under  disenfiagenient  of  rarbonic  acid  ^as. 

A  üohlticm  sfi  iMftmnate  of  Ammonia  pnidtircs  a  white^ 
precipitulo,  whirh  disMtlvr»  in  an  excels  of  Ihr  preci- 
pitaut. 

A  solution  oi  Phosphate  of  Soda  gives,  with  n^utraJ  zinc 
solutions,  a  whiN;  pntcipitate,  which  is  iioluhlu  iu  acids,  in 
potash,  and  iu  anuuonia. 

A  .solution  of  Oxalic  Add  produces,  in  neutral  zinc  soln- 
tion«,  a  white  precipitate,  which,  ou  rcposure,  becomes 
more  ronsidemhle.  In  verj'  dihite  .inhition.'i,  tlii.'i  reaj^eDt 
produces  no  immediate  precipitate,  thou};h  a  troubliag  is 
viüible  after  lunat:  time.  Frccipilalion  is  ulsii  effected  by  u 
solutiouof  Sirt(w«/üfc  B/*/*or(«Ä.  The  precipitate  produred 
by  oxalic  acid  in  zinc  solutiouH,  id  soluble  in  potaäb  and 
ammonia,  and  Iu  muriatic  und  other  acids.  The  presence 
of  uiuriule  ut'  ammonia  does  not  hinder  the  precipitation 
by  oxalic  acid. 

A  solution  of  Prtisiitxte  of  Potash  pruduces,  in  zinc  solu- 
tions, it  white  K('hitiuou.i  precipitate,  which  in  in-soluble  ia 
free  muriulic  acid. 

A  solution  of  Rrd  Prussiaif  of  Potash  produces,  in  uolu- 
lionK  of  zinc,  a  yellowish-red  precipitate,  which  is  soluble 
in  Uvx:  muriatic  acid. 

lii/tlrmnlphuret  of  Ammonia  producer,  in  neu  trill  solutiiins 
fif  xinir,  ii  white  preripitate  of  .siilpliuret  of  sine,  which  is 
insoluble  in  an  excess  of  the  precipitant.  If  the  solntioa 
contain  the  least  (race  of  iron,  the  colour  of  the  precipitate 
is  jiT^y.  If  11  lar^e  quantity  of  iron  be  present,  the  precipi- 
tate is  black. 

Liquid  Hulptiuretted  Iiifdra(/cn,  or  a  current  of  Sulphurttttul 
Il^droyen  iin»  produces,  in  neutral  sine  solutions,  a  ivhtlc 
prrciiiitale  of  sulphuret  of  zinc ;  but  it  proilnccs  no  preci* 
pitale  in  acidulated  solutions. 

All  the  ziuc  salts  «hirli  art*  soluble  in  «*ater  nre  dcrom-' 
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posed  whfnlicAted  to  redncs«  in  contnrt  with  the  air,  and 
arc  anoruurd»)  inRolubk'  in  Hntcr.  'I'he  siitphiiic  nf  zinr, 
however,  is  oiily  partially  decompoufsl,  <?reii  when  ipiitHl 
Tcry  «Ironply. 

Th?  solutions  (if  till-  nc-utnil  zinc  üuIIk  reddoa  Utniua 
papvr. 

The  .tnltH  nf  zinr  which  are  iDsnlablc  in  water,  dissolve 
In  fnre  nrids,  for  exaiiiple.  in  diluted  »ulpburic  or  muriatic 
acid.  When  the  arid  solution  is  saturated  by  ammonia  or 
potash,  the  insohihle  zinc  compound  is  precipitated,  >el  it 
j^arrally  rodUsoivcs  in  an  excess  of  the  precipitant.  From 
an  alcaline  soliition  of  thiR  dcKcriptinn,  hydro.-iulphuret  of 
ammoni»  preripilateK  the  whole  of  the  tixide  of  zinr  in  iIik 
Ktatr  ofwhtti-  siilphuret  of  zinc.  Tfaift  in  the  most  certain 
■Ktliod  of  deleclins  the  presence  of  zinc  in  compuiinds 
which  are  in^ohible  in  water;  for.  a  white  precipitate, 
produ<'cd  in  a  clear  and  »trongly  alcaline  solution  by 
hydrosnlphnret  of  ammoDia,  can  consist  of  nothinf;  else 
than  sutpliuret  of  zinc. 

B^'fun*  llie  ß/otry«/**-,  the  xinc  »alts  are  pei:uliarly  easy  of 
detef-tion.  If  heated  on  charcoal,  with  Hoda.  in  the  interior 
flame,  they  spread  on  the  charcoal  il  while  eoat  orox.i<li'  of 
zinc  Moistened  with  nitrate  of  cobalt,  and  heated  in  llio 
blowpipe  flame,  ther  axsume  a  fine  green  colour.  (Berzb- 
I.IIJ8:  L'efipr  du  AHtneniinaif  tia  LHÜiroArt,  p.  91.^ 


.Sails  of  oxide  of  zinc  in  solution,  are  distinfniishixl  from 
solutions  of  nicaline  salts  by  their  behaviour  with  carbonnte 
of  potash.  They  are  distinEnished  fr*tm  .soliitioii.s  of  rurthy 
»allH  by  giving  ti  while  precipitate  when  It-xledwilh  hydro- 
sulphtiret  of  ammonia,  and  that  even  when  tliey  bavR 
previously  been  dissolved  by  potash  or  ammonia.  This 
effect  does  not  take  place  even  with  the  soIutioQK  of  aki- 
minoux  »alts  in  potash. 


HTien  a  solution  of  oxide  of  wnr  contaiins  a  lar^  (|uan- 
tityof  non- volatile  or^iinic  .<tub!(tanres,  the  operator  super- 
saturates tbe  solntioQ  with  ammoui»,  and  separates  the 
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He  then  lesti 


lirecipttal«',  when  there  is  any.  hy  filtration 
tlic  solution  wilb  hydrofiiuphmrct  of  ammonia.  This  preci- 
pitalfs  the  oxide  ol'zino,  in  the  state  ot~siilphun>t,  which  _ 
must  I«  farther  examined,  particularly  when  it  i*  not  ora.fl 
white  fohmr,  biU  tinicrd  irrry  or  Mark  hy  sulphiiret  of 
iron,  helore  tue  bJowpipe.  The  presence  i>f  a  small  (]uaii- 
tity  of  oxide  of  zinc  in  solid  or  paüty  organic  substances, 
is  often  verv  diOlcuU  of  dclectioi).  The  siib!itiinc4>}t  which 
are  8US|>ecteil  to  contain  it,  miiHt  In;  digested  wilb  dilntcil 
nitric  acid.  Thit  tiUrn-d  .solution  inu.st  then  be  trealedi 
wilb  aiiimonia  und  hydrosiilplitircl  of  ammonia,  in  the 
manner  which  ha«  been  just  described.  The  orgiiuic  sub- 
Blaiice  can  also  be  previously  charred,  but  care  must  be 
taLcD  to  employ  only  a  n:eulle  heat,  lest  the  oxide  of  rinc 
be  reduced,  and  the  metallic  zinc  be  volatilized. 
chitmnl  mass  is  then  dt^'cAteii  with  nitric  acid,  and 
resulting  solution  is  treated  in  ilic  manner  described 
above. 
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XVn.    OXIDES  OF  COBALT. 

a.  OsiDR  OP  Cobalt. 

In  n  pure  state,  this  o\ide  has  a  t^enlKh-grey  rolourJ 
Its  hydrate,  in  a  dry  slate,  is  reddixh.     It  disftolves  ia 
acid.s.     .Vs  it  lnt|ui;utly  rimtuiti.s  peroxide,  it  very  often 
diiteuf^a{i:e.'<  chlorine,  on  beiui;  diaHohed  in  muriatic  arid. 

A  solution  of  Potash  produces,  in  soltitions  of  cobalt,  s 
blue  pn-ripiiate,  w  hieb  lurus  green  whi^n  iillowfd  to  repose, 
and  dirty  pnle  red  when  boiled.  I'he  precipitate  ulsa 
acquires  this  pale  red  colour  without  being  heated,  when 
it  is  »»ß'ered  (o  remain  a  lon^  time  at  the  bolloin  of  tlie 
solution.  When  the  precipitate  \&  gathered  upon  a  filter, 
tile  bine  colour  is  soon  replaced  by  f^reen.  An  excess  of 
the  Kolutiitn  of  potash  dne.t  not  redisKolve  it. 

/Immonia  pruduie;«,  in  cobalt  Nulutiotu.  a  blue  precipi- 
tate; a  lar^r  quantity  of  aunnonia  renders  ihe  precipitate 
green,  and  when  still  more  ammonia  is  added,  tlie  precipi- 
tate mostly  dissolves,  forming  a  irrcen  solution,  and  leaving 
only  a  very  small  green  precipitate.  This  solution  clmngea 
it»  roloar  on  exposure  in  the  »it;  the  cliange  rommencing 
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■t.ttl^ surface-  It  cunimually  becunics  darker,  aiid  fioally 
appears  »<'  »  dark  bnmn  coluur.  It'  the  I'obalt  8o)ulioD 
coiitiiitiK  iiiiiriate  of  ainmonia,  ihe  addiliüii  of  caustic  am- 
monia iirotliice^  no  precipitate ;  the  solution  mnBin»  red.' 
but  after  some  lime  liecomcs  brown,  the  chanijc  of  colour 
vomniettctDg  ut  tJic  surface.  A  solution  of  potasli  produces 
nil  prccipitHle  in  such  an  ümmimiardl  snlultmi  of  iixidi!  iif 
robalt,  provideil  it  rnntain  murialr  of  nmniDiiia  ;  but  il'  the 
sotutiiinninuiiono  tntiriato  nrainmoni»,it  produces  a  very 
sHffhl  prvcipitutt!. 

A  tHflutioD  of  Carbonate  of  Vctnnh  produces,  in  cobalt 
solulioas,  u  red  |>recipilate,  wbicli,  u|H]n  bein^  boiled, 
become«  blue. 

A  solution  oi  Hiearhouaie  of  Potaxk  produces,  in  cobalt 
solutions,  a  red  precipilato. 

A  .tolniion  nf  Carbonate  of  Amtiumia  produces,  in  neutral 
eobah  nolulious,  a  red  preeipjtale,  which  disuolvci  in  a 
solution  of  muriate  ol'  amiitoiiia.  The  solution  ibuit  formed 
has  a  red  colour,  and  docs  not  turn  brown  on  exposure  to 
tlic  air,  but  omtcIj-  liccanicfi  a  very  little  redder  at  llie  sur- 
face, and  that  only  arter  a  pretty  Iodr  exposuif.  When 
the  .soltitiiin  of  oxide  of  mbali  contains  muriate  of  amuio- 
nia,  the  addition  of  carbonate  »of  anunonia  pniduces  iio 
pn-<'ipilatf. 

A  Miliiliou  o^PhosjthateofSoda  produces,  in  neutral  cobalt 
:(olutious,  a  blue  precipitate. 

A  soliitJonuf''^J^/ü-''lW'/ produces,  in  neutral  cobalt  solu- 
tlouft,  no  immediate  troiibliiip;  but,  after  some  lime,  there 
appears  a  precipitate,  wbicii  \s  white  or  only  verj-  slightly 
rctlilish.  Tbi»  precipitate  continually  iucreuAeHiu  cpianlity 
during  a  Ions  reposiire.  .so  that  at  last  the  supernutaut 
solution  bet!omes  nearly  colourless. 

A  solution  uf  Pnuxifitf  uf  Painth  pruducpM,  in  cobalt 
NolutiuuM,  a  green  precipitate,  which  after«an]s  tun».sgrey, 
and  is  insoluble  in  muriatic  arid. 

A  solution  ofJinl  Pnust'uite  ofVotaith  produce?*,  in  cobalt 
solntionti.  a  dark  refldisb-browu  pr<-vipi(ate,  which  is  insu- 
lublo  in  muriatic  acid. 

Ilytlrmulpharet  of  Ammoniu  proiluces,  in  neutral  roball 
PART  I.  II 
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solntioDS,  a  black  pri-cipitatf,  «liich  is  insoluble  In  an^ 
excesü  of  the  precipitHiii.  4^ 

l.'njwUI  SutphtTtttnl  Hydrwje»,  or  a  current  of  SuTpAitrrttta^ 
Hijdmijeii  (ins,  causey  hi  neiitntl  cobalt  solulinns,  ni>  imm«- 
diale  precjpitiition;  the  aolntion,  howrvcr,  acquires  a 
somewhat  black'-^h  colour,  am)  aficr  some  time  deposits 
a  very  sligitt  bliick  pr(.>ci|)ilato.  An  »ridti luted  solulioa 
affurils  not  the  sliphtest  signs  oi'a  precipitate,  eve«  after  a 
coii.si(1vnibli-  tiiiir. 

All  The  salts  of  oxide  of  cobalt  which  are  soluble  in 
water,  arc  decomposed  when  hrated  to  redness  in  contact 
with  the  atmosphere,  and  become  thereon  partially  inso- 
luble in  water.  The  sulphate  of  cob» It,  however,  is  but 
partially  decomposed,  even  by  a  very  stning  hnit. 

'Viu:  solutions  of  tlic  neutral  cobalt  salu  weakly  redden 
litmus  paper. 

The  flwlts  of  oxide  of  rolmlt  which  are  insohibic  in  water, 
nearly  all  €lis»!olvein  acids,  forexajii|)lc,  in  muriatic  or  sul- 
phuric acid.  When  the  aolutioD  produced  by  di.ssolvini( 
such  a  rompouiitl  in  an  urid,  is  SJturatef!  by  |Mita.sh,  or 
«till  better  by  unimoiiJii,  the  inKolithleronipotindcuinniunly 
precipitates  in  its  original  stale.  When,  however,  tbfl 
solution  is  ver;'  acid,  the  saturation  of  it  with  ammoitia 
pniduces  no  preripitate;  because,  in  that  case,  the  preci- 
pitation lA  binilLTed  by  the  presence  of  the  auinuiniacal 
satt.  Hydroäuliiburel  of  aninioniii,  however,  produce:* 
inunediately  a  black  precipitate,  and  it  is  by  means  of  this 
reagent  that  the  analyst  ean  oioät  cauily  convince  himself 
of  the  presence  of  cobalt  in  a  solutiou.  X^Hienever  no 
precipitate  is  prt^duced  in  the  ucidulated  solution  of  a 
compound  by  sulphuretted  hydro^n  etm,  while,  at  tfae 
same  time,  a  black  precipitate  is  pi-oduccd  ia  tlic  ncutrml 
or  aU^aline  solution  by  bydn>sidpliun-t  of  animmiia,  (be 
substance  can  scarcely  contain  any  other  metal  than 
cobalt,  nickel,  or  iron.  The  method  of  distinct  filing 
tliese  three  metals  from  each  other,  is  described  in  another 
part  of  this  work.  -M 

Before  the  BInwpipe,  the  cobalt  sails  are  very  easily  " 
detected.    The  smallest  portions  colour  borax  and  micro- 
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cosmi«'  Btihs  Ktmngly  l>hip;  by  larger  quantities,  the  glass 
is  wt  riill}'  coloured,  tlint  it  ap]>eaK  to  be  black.  By  soda. 
aa  ulian>mt,  they  are  nnlure«!  to  a  grey  mapielic  powilßr, 
which  is  metallic  colialt.  (Bbrzbuus  :  jmtvodttnff  des 
lAJthruhn,  p.  93.) 


The  solutioDS  of  the  sails  of  oxide  of  cobalt  are  pecu- 
liarly dislingyislie«!  froi»  thu.«.-  of  all  the  nallx  which  have 
1>ren  bilhrrto  spoLen  of,  by  Ihr  blark  pruripiUitr  whirli 
they  pruiluce  with  hyilroitulphuret  of  amimmia.  In  the 
solid  slate,  tbey  are  easily  distinguisiicd  front  other  stib- 
sianccä  by  their  behaviour  before,  the  blowpipe. 


Many  non-volatile  or^nic  aultslancea  Iiioder  (be  preci- 
pitation of  oxide  of  col)alt  by  alcaJicä,  but  not  ilie  prei'ipi- 
lation  by  hydrnxulphuret  of  ammouia. 


b.  PSROXIUR  OP  COKALT. 

This  has  n  black  colour.  It  tli^cDKaeM  oxygen  eait 
when  stroualy  healed.  Concentrated  and  boiliofr  muriatic 
arid  dissoKes  it,  under  dist-nnuKeiueiit  of  chlorine  gnu. 
Before  the  blowpipe,  it  behave«  like  oxide  of  cobult. 


XVm.   OXIDES  OF  MCKEL. 

a.   UXIRK  OP  NiCKBL. 

Tb«>  pure  »xidt>  is  ibtrk  gt^'v;  the  hydrate  is  irreen.  It 
diimolves  in  acids.  The  sululiou  hau  a  i^recu  colour,  uiid 
behaves  towards  reagenls  like  the  solutions  of  the  saltjit  «f 
oxide  uf  nickel  which  are  soluble  in  water. 

A  »olutiou  of  Pottuh  produces,  in  solutions  of  oxide  of 
aickel,  an  apple-trrcen  precipitate,  which  an  excess  of 
potash  d(K-.i  noi  rt^lidsolve. 

Ammonia,  added  in  extremely  Kinall  pn>purtt4iii  to  nickel 
solutions,  produces  a  very  inconsiderable  ^reen  troubling, 
which,  upon  the  addition  of  a  larger  quantity  of  aDiinunia, 
very  speedily  disappears.   The  clear  isalulion  thus  formed, 
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has  R  fine  liltie  roloiir,  with  u  ttli^it  tendency  to  violet.     A*; 
M)lutit)i)  of  |)(>(a.sli  pniclucett,  in  tbJM  aiumontacal  solatioo, 
an  apple-gi-eeo  precipitate. 

A  solution  of  Oirbonnir  of  Votath  produces,  in  nicket 
solutionis,  nu  appk-grcoa  precipitate,  M'hicli  bus  a  iii^tiicr 
colour  ihiin  tlie  precipilato  produced  in  nick«!  solutiuuH 
by  potash. 

A  iwlolion  of  fticiirhniuitf  of  I'ninsh  likewise  prdduccs,  in 
nickel  Milulions,  n  li^lit  npplc-prcn  prvcipitutt-,  and  disen- 
ftairesa  portion  nfcitrboiiir,  nnid  pm. 

A  Hnlution  of  C/trf>on(ite  of  Amjuoni/i  produce.-»,  in  neutral 
solutions  of  nickel,  an  apple-f,Teen  pri>tjpit:ite,  which  redi»- 
solves  in  au  excesH  of  the  carbonate  of  unmionin,  and 
form»  a  bhiish-^cen  solution. 

A  solution  of  Pkotpkatc  of  Soda  produces,  in  nfiotral 
nickel  sohiHons,  a  white  precipitate,  slightly  tendinis  to 
green. 

A  »olutiou  of  Oxalic  Arid  prodticcjt.  in  neutral  solutiotu 
of  nickel,  no  immediate  precipitate.  After  some  lime»  how- 
ever, a  Kreeiiißh  precipitate  appciirs,  which  is  very  much 
increased  after  u  lon^;  reposurc,  so  that  Oie  solution  above 
it  l>econies  nearly  colourless. 

A  solution  of  Vrussuite.nf  Potash  pmd«rcjt,In  uickpl  JMtlu- 
tiuiLs,  a  white  prrc'ipilule,  slightly  tending  to  »reen.  It  in 
initoluhle  in  nnirialic  acid. 

A  solution  oi  lied  Frtimate  of  Poltish  gives,  with  nit-kcl 
solutions,  a  yellow ish-pre^n  precipitate,  which  istnKnluble 
in  muriatic  acid. 

Hy<irosu!pli«ret  of  Avimoiiht  prodnces.  in  nrutrnl  nickel 
solirtions,  a  black  precipitate,  and  comma  nie  at  e«,  ui  ihe 
same  time,  a  black  colour  to  the  supernatant  fluid.  TTie 
precipitate  is  ociirly  insoluble  in  an  excess  of  tlie  preci- 
pitant. 

Litjuitt Sulphurettfd  IJi/(iroffm,ttm  currenl  of  Su/pJiuretted 
Jlj/droe/f-n  Gas  pnidiices,  in  neutral  aickel  solutions,  tiu  im- 
mediate precipitate.  The  solution  becomes  soniewbat 
bhicki.ih,  aud  after  a  lon^r  time,  a  very  ^mall  black  pit'i-ipi- 
tale  appears.  So  precipitate  is  pniduired  in  an  acidiilatet) 
solution,  even  after  a  long  n-i>o»urf. 

All  the  sjilLs  of  oxide  of  nickel  which  arc  soluble  in 
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water,  are  ilecompojietl  vilien  heated  to  rcdncits  in  coniae-l 
with  tlic  air.  nnd  siibäequrntly  do  not  completely  dissolve 
in  ^vater.  Kevertbeleäs,  (he  sidphale  of  uielLel  is  only  pur- 
tiully  de<rompo«ed,  ercQ  by  a  ver\'  mronf;  heal. 

The  solutioos  of  the  neutral  nickel  salts  sliglitly  redden 
litinii.s  pHper. 

The  .Halt.4  of  oxide  of  nickel  whicbnrRiiiMolublc  in  water, 
nearly  all  dissolve  in  acids,  for  example,  in  muriatic  or 
diluted  sulphuric  acid.  If  tuch  a  iwlution  is  supcn:atii> 
rated  with  ammonia,  the  salt  is  not  precipiiaicd.  If, 
however,  the  solution  be  not  liMt  dilute,  it  arquires  a  blue 
ci>li)ur,  and  thus  indirateK  the  preHenci-  uf  oxiile  uf  nirkrl. 

Ik-fure  ibc  Jllvifpiftf.,  the  nickel  salt.i  can  be  detected  by 
fuitinx  a  portion  with  borax  or  nucrocoymic  Kalt  in  the 
outer  flame;  tliey  communicate  to  the  bead  u  riNldi.sh 
lulour.  the  Intensity  of  nhich  diminishes  as  the  bead  cools, 
and  often  quite  disappears  when  it  is  completely  cold. 
Withsodaor  chan'ioal,  they  arc  rediiciMl  lo  a  white  metallic 
matoic-tic  powder-  (UuBZHLim  :  L'clcr  die  AhKcmluntf  des 
Lätkrokrt,  p.  M.) 


Tlic  M)lutinnH  of  the  salts  of  o\idv  of  nickel  are  distin- 
l^iished  from  those  of  all  the  italts  which  liave  hitherto 
been  spnkon  of,  lliose  uf  oxide  of  robnlt  excepted,  by  their 
behaviour  witli  hydn)»;ulphuret  of  amjuonia.  Tfaey  »re 
di^linguished  from  oxide  of  cobalt  solutions  by  their  beha- 
viour with  ammonia,  nnd  hy  the  behaviour  of  the  amnioni* 
ucul  »oluUou  with  potash. 


A  great  niinihcr  of  non-volntile  oreanie  ><nb.<ttanre<i  li Inder 
the  precipitation  of  oxide  of  nickel  by  alcalies,  but  not  by 
bydrosnlphurct  of  anuuouia. 


h.  I'rrüxidr  of  Nickbl. 

Tbia  ha«  a  black  colour.  When  ignite«),  it  disenijagres 
OX)  Ken  ^a».  It  is  dissolved  by  coucontraled  muriatic  acid, 
nndcr  disengagement  of  cUorine  pan.  Before  the  blow- 
pijw,  it  behaves  like  oxide  of  nickel. 
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XIX.    OXIDES  OF  IKON. 
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a.  Protoxide  OP  Iron. 

This  uxidr  in  it  \t\ire  stale,  is  nearly  unknown.  Kven  iu 
hydrate  Iiiik  nerer  hpc n  pntiltired  in  h  slati»  nf  dryiwtat  and 
purity.  The  miRtm  of  this  is,  timt  whim  precipitnted  from 
a  solution,  it  hi-comeii  with  gn^at  ea.se  more  highly  oxidiäcd 
ID  the  air^  particularly  at  the  surface.  It  is,  however,  oot 
only  roiitaiiied  in  solitlion.H  of  the  protosalt^  of  iron,  but  is 
produced  whenever  iroQ  is  dissoked  in  diluted  sulphuric 
brmariatic  ncld. 

A  solution  of  Potash  \)nn\wr9  in  KoIiifi(pns  of  pnitnxidi; 
Of  iron,  a  flocky  precipitate.  This  is  nearly  white  at  tirst, 
but  itl'tFT  a  very  short  time,  lierontpR  f^y  and  then  f^reen; 
at  the  point,  where  it  i»  in  eontmt  (viih  atniosphertr  air,  it 
become»  »till  darker  mid  tinally  reddish  browii.  If  tbr 
solution  i.s  tiltiTcd  while  iht-  precipjtutc  is  green,  the  latter» 
by  beins^  >;»thered  upon  tin;  tiller,  is  very  much  exposed  ta 
the  air,  and  soon  becomes  reddish  brown. 

Ammonia  produces  with  Kiilutiuns  of  protoxide  of  iroa 
the  üanie  appearanix^s  as  potasb.  If  a  solution  of  muriiite 
of  ammonia  has  been  previously  mingled  with  the  inn» 
solution,  tlin  adilition  of  iimraoniu  produri'K  no  precipitate;  ■ 
yet  when  the  mixture  \s  exposed  to  the  air,  there  is  soon 
fomipd  H  smuH  quantity  of  u  preen  precipitate  which 
beeonies  reddish  bnivtn  at  tilt-  surface. 

A  solution  of  (.'inhvmite  of  Putnsk  produces  in  solutions 
of  protoxide  of  iron,  a  white  precipitate,  without  the  uccur- 
reuce  of  elicr^'csccnce  from  the  discharge  of  carbonic;  acid 
ffas.  Tbi.t  precipitate  of  carbonate  nl'  iron  does  not  f^o  soon 
become  crei-n  and  n^tldish  brimn  at  tJic  .turface  as  the  pre- 
cipitate foniiecl  by  xolutions  of  pure  potush.  It  dissolves 
in  a  solution  of  muriate  of  ammonia;  yet  when  Ibr  sola- 
lion  is  placed  in  contact  with  the  air,  a  ^rreen  precipitate 
is  formed,  which  at  the  surface  of  tlic  liipiid  be<-onies  red- 
dish i)rown.  Ilui  this  precipitate  appears  later  than  it 
would  have  done  had  ammonia,  instead  of  carbonate  of 
poliitfli,  been  addetl  to  the  liquid. 
A  solution  of  Biairlro»ate  ojl'otiuh  produce«  insolutioi» 
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itf  protoxiile  of  iron,  under  di(ti>n^a^«m€nt  ofcarlionic  acid 
Kas,  a  white  precipitate  ofcarbonute  of  iron. 

A  solution  of  (Jarbonale  of  Ammonia  bch&VCs  with  solu- 
tions of  protoxide  of  iron,  the  saoio  as  a  «oluiion  of  carbo- 
nate of  potHsh. 

A  »olution  of  PhasphaU  of  Soda  produrr«  lo  neutral  Solu- 
tions of  |troio\ide  of  iron  a  «liitr  precipitate,  which,  on 
being  e\ posed  to  the  air  for  some  time,  beromcti  (H'een. 

Solutions  of  Oxalic  AcitianA  HinoxahtU  of  Foloib,  when 
added  lo  solutions  of  protoxide  of  iron,  iinmediatelv  com- 
uiuutratr  a  yellow  roJoiir  to  them,  and  aAcr  some  time 
produce  a  yellow  pnTipitnte  of  protoxalate  uf  irun.  This 
precipitatedissolTes  in  an  cxceas  of  muriftlic  acid.  Neutral 
«Icalino  oxalittea  produce  the  same  prei-ipitate  inimedi- 
alely.  und  stiil  more  distinctly- 

A  AolutioQ  of  Pnusiatf  of  Potash  produces  in  iM>hit)ons  of 
protiixtdt-  of  iron  a  precipitau-,  which,  if  air  lie  coinpletrly 
excluded  is,  at  the  ins1a.nt  of  its  production,  uhite.  hut 
olberwu^e  olnray.s  appears  of  a  li^hl  blue  colour.  Upon 
lon>;LT  exposure  lo  the  air,  it  Ix-'comes  dark  blue.  It  is 
insoluble  in  muriatic  acid. 

A  solution  of  Red  Pruxsiate  nf  Potash  produces  in  solu- 
tions of  pruloxiili-  iif  iron,  an  immediate  dark  blue  prrcipi- 
tale,  which  is  in&olublc  in  acids. 

Hydrasttlphiaret  of  Ammonia  produces  in  neutral  solutions 
of  protoxide  of  iron,  a  black  pr<>cipitate  of  sulphuret  of 
iron,  which  becomes  oxidised  wheu  placed  i»  t-onlact  wilb 
the  air,  and  turns  reddish  brown.  This  chnrarter  screes  to 
di^tioKuish  sulphun-t  of  irun  from  tbc  sulphurcts  of  nickel 
and  cobalt.  The  precipitated  sulphuret  of  irun  is  insoluble 
in  an  excess  of  hydrosulphuret  uf  amnicmia. 

Liijuid  Sulphitreltfd  Hydrogen,  or  a  current  of  Stilphrrretled 
Hydrogen  Gas,  produces  in  neutral  solutions  of  protoxide 
of  iron,  no  precipitate. 

The  protosalts  »f  iron  which  are  soluble  in  water  arc 
decomposed  wbcu  i^iited  in  contact  with  tbc  air. 

The  solutions  of  the  neutral  prulosalts  of  iron  redden 
litmus  paper. 

The  sultA  of  pnitoxidr  of  iron  which  arc  insoluble  in 
water,  nre  nearly  atl  soluble  in  muriatic  acid  or  diltited 
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»iilliburic  acid.  Wlien  the  reKiilting  ac:«l  suliition  i«  »uper- 
saiiirat*^  with  ammonia,  thf  iiwolnblc  sail  gtiu'mlly  prr- 
ripitatcH.  If,  liowevtT,  hyilruiiulptiuret  of  ammonia  br 
added,  the  procipilated  salt  immedJAiely  acquires  a  black 
coloar. 

Before  the  lUoiepipe,  the  protosait»  of  iron  can  he  veiy 
eaitily  deterled  l>y  fustriK  a  portion  on  charriKil  with  borax 
or  niicrocosmjc  »alt; — in  the  outrr  flauic  the  glass  accjuirt-s 
a  deep  red  colour,  which  becomeä  liirhler  on  cooling;  in 
the  inner  flame,  the  colour  produced  is  i^reen.  which  totally 
disappears  »hen  the  glass  is  cold,  if  the  iron  he  nut  pre-    ■ 
Kcnt  in  too  lai^r  u  t|unnlity-    The  smallest  <|iiaiiti(ii.<!S  of  f 
protoxide  of  iron  can  be  detected  by  fusing  the  substance 
in  micnirosntic  salt,  which  is  coloured  crcrri  thereby,  cTcn 
when  healed  in  the  outer  äojuc;  the  colour  decreases  in 
inlensity  while  the  glass  is  cooliMjj»  «"d  totally  diNuppears 
when  it  is  ipiite  cold.     Wh«n  fused  with  soda  ou  charcoal,  _ 
the  prutosulls  of  iron  an-  rrdiircd,  and.  |!ive,   alWr   thel 
(Crindin);  atid  separating  of  tlic  charcoal,  a  tUR'nietic,  me- 
tallic powder.     (BbrzeliUB:  Anwcndaug  tUt  Lothrokrtp 
p.  92.) 


The  solutions  of  protoxide  of  iron  can  readily  bo  dt»>) 
criminated   by    their   behaviour  with    liydrosulphurct 
ammonia  and  with  the  red  prussiale  of  potasli. 


The  presence  of  a  large  qiiuntity  nf  non-volatile  oi 
mlwtances,  hinders  the  precipitaiian  of  protoxide  of  ii 
by  alcalies. 


b.  Peroxide  OF  Iron. 

In  a  state  of  purity,  the   peroxide  of  iron,  when  in' 
powder,  possesses  a  reddish  browa  colour.    Tliat  which 
(KX'urs  native  in  a  crystallise<l  tttale  (iron  glance)  is  of  ft 
grey  colour  and  exhibits  the  metallic  lustre.  The  peroxide 
of  iron,  when  precipitatetl  from  it.«  .solution  and  exposed  loi 
i|,nnlion,  becumcä  black.     Vet  both  the  black  .siibst* 
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and  the  iron  «„'laiiw,  afford  a  red  powder.  The  rpcently 
prpcipilated  peroxide  is  easily  soluble  in  iiriHa,  The  solu- 
(ion  is  rlTpcttil  witti  mucli  mnn;  difficiillv  wlicu  tlir  peroxide 
has  bfien  ignitird.  Thv  ienitifl  peroxide  is  nevi-rthetrss 
complotely  »oinble,  aud  with  most  tase  in  muriatic  acid. 

A  soliiltoti  of  Potnsh  produces  in  solution.«!  ol'  peroxide 
of  iron,  a  reddish  hnmii  voluminous  precipitate,  whirh  i« 
insulublo  in  an  excess  of  the  precipitant. 

Ammimia  bebaves  with  sidulioDn  of  peroxide  of  iron,  in 
the  same  manner  as  potash. 

A  solution  of  Carlmnate  of  Vattuh  precipitates  .'«ilntions 
of  peroxide  of  iron  «Iso  with  a  ifddish  brown  colour;  but 
the  colour  of  tlie  pn>('i|>itiitf  is  tiiimewhut  tighter  than  the 
colour  of  llituie  prudurrd  by  pure  potash  and  »mtnonia. 

A  solution  of  Bicarbonate  t>f  Fotojfh  praduce.^,  under  dis- 
eni^aicenicnl  uf  carbonic  acid  gas,  a  li^ht  reddish  hrown 
precipitate.  Through  boiling,  during  which  more  carbonic 
acid  gas  escapes,  the  precipitntr  acquires  a  darker  colour. 

A  solution  of  (arbuHnte  of  .-liMtuifnia  behaves  wilh  m>[u- 
(ions  of  peroxide  of  iron  like  a  fiolulion  of  carbonate  of 
potash. 

A  solution  of  i'hoapkate  of  Soda  liimiis  in  neutral  solu- 
Uons  uf  }>er$all.<(  of  iron,  a  white  precipitate.  Upon  the 
arldition  of  ammoni».  thiii  precipitate  becomes  brown,  and 
aUcr  »omu  time  completely  dissolves. 

A  solution  of  Oxalic  Jdd  sivcs  with  neutral  solution»  of 
peroxide  of  iron,  no  precipitate ;  but  the  solution  acquires 
a  yellowish  colour. 

A  sniulion  of  Pmssiate  of  Potash  produrcs  in  solutions 
of  iHTMxidc  of  iron,  an  immediate  dark  blue  precipitate, 
which  is  ioäoluble  in  inurialic  acid. 

A  siiloiiou  of  Rfd  Pnttxitiie  uf  Potmh  pn«lu(:i?s  til  solu- 
tions of  peroxide  of  iron,  no  precipitate;  but  tlic  solution 
otlea  becomes  somewhat  darker  coloured. 

HydrmalpfiurH  of  Ammonia  prodtire»  in  nrutnil  solutions 
of  peroxide  «f  iron,  a  black  precipitate,  which  is  insoluble 
in  an  exresut  of  the  precipitant.  If  lell  in  contact  with 
atmospherir  nir,  it  becomes  oxidised  and  obtains  u  rt^dtlish 
brown  colour. 
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Liiptid  SHlphnTfiirti  Nydrcr/rji,  or  a  cirrrcnt  of  ffn/piut- 
rrtted  Hydrogen  Gas,  pn>(liicns  iü  netitrut  Solutions  of 
peroxide  of  iron,  a  milky-vv-hitc  precipitate  of  sepnrated 
Hulpbur.     The  sdlutinn  the»  coiitiiinü  pruloxiili^  of  iron. 

\one  of  (he  pcrsaJt^  of  iron  which  are  »«olublo  iu  water 
CUD  be  healed  to  redness  In  contact  with  tJie  air  witlioat 
undergoing'  ilecom  position. 

The  solulious  of  the  neutral  persalt:^  of  iron  redden 
litmus  paper. 

Hie  .lalts  of  peroxide  of  iron  which  are  insoluble  ib 
water,  dusutve  in  muriatic  ucid  or  in  diluted  .siilphnric 
acid.  If  a  solution  of  pota^^h  or  aiiiuiunia  \tv  addt^l  to  tJif 
resolliitfi;  acid  solotton,  and  that  io  quantity  but  little 
lM>yond  what  \ä  n-quisili-  tostitiinile  (he  aeid,  the  insoluble 
compound  i»  generally  precipitated  in  an  undecompoced 
»late,  and  pomtcsjuxl  of  iXs  eliaractcrislic  colour,  which,  fur 
example,  in  the  case  of  the  phosphate  and  ur^vniate  of 
pi-roxide  of  iron,  iu  wiiite.  But  the  neater  t)ie  quantity  of 
these  alcalicK,  and  particularly  of  polusli,  which  may  be 
added,  so  mach  the  more  has  the  precipitate  a  tendency  U> 
exhibit  a  reddish  brown  colour.  Ilvdrosulphuret  uf  an- 
nioaia  inKtuntty  renders  these  preclpitatcä  black. 

Before  the  JtHowpipe,  the  pcriialts  of  iron  behave  prccisdi 
like  tlie  protosalts  of  iron. 


Solution.«  of  thr  peroxide  of  inin  are  cu.sily  rccogiused  by 
their  bchiivioar  with  liijuid  Btil|ihurt:t1cd  hydrogen,  with 
hydroüuJphuret  of  ammonia,  and  yviih  a  solution  of  pnw- 
siutc  of  jKitash ;  and  arc  thus  distinguiKhed  from  solatioBS 
of  other  bases. 


All  non-volatile  or^mc  subfltancca  completely  hinder 
the  prtTipilalion  of  peroxide  of  Iron  by  alcaliea,  unles9 
they  l)e  present  in  but  very  .small  proportion.  They  do  DDL 
hon(!ver  hinder  the  production  of  a  precipitate  by  a  sola* 
tion  of  prus!ti»tL-  of  pota.-<h.  If  a  .solution  coataining 
peroxide  of  iron  in  a  stato  of  mixture  with  or);;auic  mailer 
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rnnnin  clear  »ricr  bein^  KUjtrrsatu rated  nlth  ammonia,  it 
airiirtl»  a  black  pitxipitati-  of  sulphurct  of  Irou,  on  belat; 
tested  by  hydroHulpfauret  of  ammonia. 


CoMpotiNOg  of  Protoxidk  of  Iron  witb  Pkroxidb 
op  Iron  ucnir  very  fretinently  in  a  TiHtiTp  »täte.  Mine- 
ralogists call  tJicm  magncEic  iron  ore.  They  arc  also  pro- 
duced when  iron  i»  ignited  in  the  open  air(Haramerschlag'). 
These  compounds  are  black.  To  detect  thprein  the  pre- 
spnce  of  both  oxides,  the  operator  dissolve:«  llie  comjMiumI 
in  a  rinsed  flu.sk  in  ooncentrutrd  muriatic  acid.  He  add^ 
to  one  portion  of  this  solution,  a  saturated  solution  of 
sulphuretted  hydruven.  The  milky  Mliile  pRTlpitate  of 
tiejHirated  sulphur  which  is  thus  produced,  indicates  tlie 
presence  of  peroxide  of  iron.  Another  portion  of  the  koIu- 
tiou  is  diluted  u  ith  water,  and  te.<(1ed  by  a  solntion  of  red 
prussiate  of  potash.  The  resnltin^  dark  blue  precipitate 
indicates  the  prcsoucc  of  protoxide  of  iroo. 


XX.    OXIDE  OF  CADMIUM. 

I*urc  o\idc  of  cadmium  has  a  reddish  brown  colour,  or 
at  leuKt  it  pvcä  a  rixldinh  brown  powder.  It  is  not  vola- 
tilized by  heal;  but  when  it  is  mingled  with  organic  i>*ub' 
Htances  or  with  charcoal  powder,  it  is  then  volatilized  u|>oii 
beio^  heated.  The  reason  of  this  is.  that  the  oxide  is  then 
reduced  lo  tnetallir  cadmium,  which  is  yery  voliitilr.— 
The  hydrate  of  oxide  of  cadmium  l.s  white.  When  heated, 
it  loses  its  water,  and  acquires  the  reddish  brown  colour 
of  the  oxide. 

It  easily  dissolves  in  acids.  The  solution  behavint 
towards  reagents  precisely  like  the  solutions  cd'  the  soluble 
salts  of  Q\idc  of  cudmiuni. 

A  solution  of  Po/tuA  produce»  in  solution)«  of  oxide  of 
cadmium,  a  white  precipitate,  which  is  insoluble  in  an 
excess  of  pola-ih. 

Ammonm  produces  in  neutral  radminm  solutions,  a  while 
precipitate,  which  very  easily  dissolves  in  a  slif{bt  excess 
of  ammonia. 


im 
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A  solution  of  Cttrhonate  of  Fotatk  produces  in  cndraiun 
»otiilioii!«,  a  white  predpitute,  which  is  insolublo  in  an 
excess  of  rurbonntc  i>f  putaüh. 

A  s^ilulion  oT  Bicarhoimte  of  Potash  likcwiM!  produces  in 
neutral  cadmium  solutions,  aud  under  dison^igcrarnt  o( 
carbonic  acid  ^a.1,  a  ubilr  prrcipitati-. 

A  solution  oi  Curboiuite  of  Antmmiiii  proiluc«»t  in  solntiou 
of  cadniium,  fven  when  they  contain  much  nmriale  of 
«mtnoniH,  n  white  precipitate,  which  is  insoluble  in  an 
c\ccss  of  tJie  carbonate  of  »tanioniu. 

A  syhition  of  Piioxphatf  of  SoiUt  produces  a  white  preci- 
pitate in  neutral  solutions  of  cadmium. 

A  Hotullun  of  Oxalic  Acid  imme<Iia1ely  produces  a  prr> 
cipilate  in  neutral  solutions  of  cadmium.  The  precipitate 
is  easily  HOluhlc  in  pure  amniuaia. 

A  Solution  of  PrnstiaU  of  Potash  produces  ia  cadmiuB 
solution);,  a  white  preripilnte,  pas8in<;  a  very  little  into 
yellowish.     Tliis  precipitate  is  soluble  in  muriatic  acid. 

A  solution  of  Red  Prugsiate  of  Potash  prutlnce«  tu  cid- 
iniuui  HoJutions,  a  yellow  precipitate,  which  in  soluble  in 
muriatic  acid. 

Hydrimdphuret  of  Ammonia  produces  in  neutral  Ciuliuitun 
.>iulutiaus,  a  yellouisli  precipitate,  which  is  insoluble  in  u 
excess  of  the  prcripiliint. 

Liquid  HulpAtirettrd  Hydraycn,  ur  a  cuiTCnt  of  SulphtiTeUti 
ilydroijen  Gas,  produce»  either  iu  neutraJ  or  acidulated 
cadmium  Ktduliuns,  a  yellow  pi'ecipitate. 

A  bur  of  Metallic  Zirtc  precipitateji  cadmium  from  its 
Solutions  in  the  metallic  state,  and  iu  the  form  of  small 
glunciiijK  Rrej-coloured  spau!>:lcs: 

The  salts  of  oxide  of  cndiuium  which  are  soluble  in 
«'ater,  cannot  be  heated  to  rednciüi  in  contact  witJi  the  air 
wiUumt  experiencing  decomposition. 

The  solutions  of  the  neutral  cadniiuDi  salts  redden  litmus 
paper. 

The  salts  of  oxide  of  cadmium  which  arc  insoluble  in 
water,  di-ssolve  iu  acids.  The  pre.wnre  of  oxide  of  cad- 
mium is  very  easily  detected  in  these  acid  solutiuns  by  tin 
yellow  precipitate  produced  by  liquid  sulphuretted  hydnK 
geo,  or  a  current  of  sulphuretted  hydrogen  gas. 
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Bpfon*  thp  Bhtrjiipr,  the  cadmiuin  sah.s  ran  he  AetecteA 
bj  miiiglint;  a  pnrlinn  with  soilii,  and  beatin);  it  on  rliur- 
coal  in  the  inniT  flmiii*;  ii|>oii  which,  the  chan^oul  in 
bedeck^  with  a  bFownt.sh  red  powder  (Bkrzkmvs: 
(/t^er  die  Ameendung  de*  Lölhrohrs,  p.  91.) 


Thp  auluitons  of  oxide  of  cadmium  ran  l>e  ettsily  re- 

copiist-d  from  their  iK-havititir  with  li<)uid  siil|ihiin-tl('d 
hydrogt-n,  and  hydni.siil|ihiirct  of  animciniii.  They  are 
disiinjjui.'ihpd  by  these  retiKents  from  solniious  of  ull  the 
bases  hitherto  treated  of. 


Tim  presenee  ofnon-Tohitile  nr|f»nir  siilwtancpK  hindcni 
the  prcci|)iialion  of  oxide  of  eadmiutti  by  pure  potash,  but 
does  not  infturm-e  the  arlion  of  Ihc  »Iruliue  carboaates. 


XXI.    OXIDES  OF  LEAD. 

a.  Protoxide  oc  I-kad. 

Pure  proloxhti*  of  lead  i%  yellow,  but  it»  powdrr  ha»  a 
reddish  hue.  It  easily  melts  at  a  red  heat,  and  \^hen  it 
ha>  been  melted  in  couuideraldc  quantity  is  äcaJy,  ami  of 
a  yellowish  red  or  a  yellow  colour,  but  its  powder  is  red- 
dish yellow.  At  a  white  heat  it  voluiiliaeK,  particularly  if 
air  Im'  preseni.  When  protoxide  of  lead  is  mingled  with 
oreanir  substances,  or  with  charcoal  powder.  It  is  very 
easily  reduced  by  beat.  It  ta  not  quttc  insoluble  in  water. 
The  best  solvent  of  protoxide  of  lead  is  oitric  acid,  or 
acetic  acid.  When  it  doe.-;  not  wholly  dissolve  in  these 
acids,  it  la  impure.  The  litharjze  which  !.<  found  in  eom- 
merce,  Tery  oHen  etintiiiu»  silica,  »ml  this  remains  undis- 
solved when  the  lithar;;^  is  treated  with  ueids.  The  Solu- 
tion behaves  towards  reaftents  like  the  aqueouH  solutions 
of  the  salts  of  protoxide  of  lead. 

A  solution  of  Pottish  produces  in  solutions  of  protoxide 
of  lead  a  nhite  precipitate,  which  redissolves  in  a  consi- 
derable excess  of  Ihr  pn^'ipitnnl. 

jtmntimia    produces  a  white  precipitate,  wliich  is  nut 
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.tololile  in  an  excels  of  aaimouia.  (A  solution  of  acetate 
of  lead,  €Vcn  when  mach  conrcntratcd,  is  Dot  trotiblcd  by 
ammonia :  but  after  sonic  time  a  äub-sali  is  deposited.) 

A  iuilution  of  Carimnute  of  Potftsh  produces,  in  solutionjt 
of  protoxide  of  lead,  »  nhite  {iret'ipitati',  tvbicli  is  iiiKotii- 
blc  in  ail  extc^  of  the  rurbüuatt;  of  putasb,  but  Jiolublf  iti 
]iun^  potash. 

A  solution  of  Ific<irhonnte  of  Potash  imMlures,  under  di»- 
etiga!;i-mciit  of  <;arbiiiüc  acid  gas,  a  similur  precipitate. 

A  solution  ot  Carbonate  of  Ammonia  bebuves  with  »oln- 
tions  of  protoxide  of  lead  like  a  sohitioii  of  carbonate  of 
potash. 

A  solution  of  Phosphate  of  Soda  fomiä  in  ueutrul  ttotn- 
tion»  of  lead  a  white  precipitate,  which  fj»  »oluble  in  I 
suhition  of  pnn>  potii.<h. 

A  M>lution  of  Oxalic  Arid  produces  ia  neutral  solutions 
of  protoxide  of  lead  an  immediate  white  precipitate. 

A  solution  of  Vruninatt'  if  PattuiA  produces  in  solutioiu 
of  protoxide  of  lead,  a  white  precipitate- 

A  solution  of  Red  PrusftiatP  of  Potash  produces  no  pred* 
pitate  in  solutions  of  protoxide  of  lead. 

Hgdromlphurrtof  Ammonin  produce»  iu  solutiooM  of  prat* 
oxid«  of  lead,  a  black  pn-cipitate,  which  is  insoluble  in  «■ 
excess  of  the  prccipituiil. 

Liifvid  Xulpkuretftcf  /fydro^m,  or  a  <;urreut  of  Sutphurettrd 
IlydriM/eM  Gas,  produ(M!ti  in  neutral  and  acid  sulutiotut  of 
protoxide  of  lead,  a  black  pn'cipiiale. 

A  bar  of  Mttallir  Zinc  precipitates  lead  Irotti  its  soln- 
lions  in  the  metallic  atatc.  and  in  the  form  of  blackish* 
fprey  shinini:  spanf^les. 

The  solutions  of  protoxide  of  lead  are  also  prcoipiiatcd 
by  several  reagents^  which  produce  no  precipitates  in 
solutions  uf  HMMtl  of  the  uxidci«  which  have  hitherto  been 
treated  of. 

Diluted  Sulphuric  Acid  and  solutions  of  the  SuipAata 
produce  ia  .lulutions  o(  protoxide  of  lead,  a  white  preci- 
pitate, which  in  insoluble  or  sparinuly  .soluble  in  diluted 
acids,  but  soluble  in  a  .sulniion  vf  potash.  Tbc  prutluction 
of  Ihifi  precipitato  ts  lut  excellent  method  of  detcmiininK 
the  prescDcc  of  protoxide  of  lead;  bccuu.so  tiulphuric  acid 
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produces  pnTljii talcs  which  are  characterised  by  insola- 
bility  in  diluted  acid»,  »itb  do  other  subtitanceit  llinn 
alcaline  earths  and  protoxide  of  lead.  8ulphato  of  lead  is 
dLstininiishL'd  from  the  earthy  tiiil|ibates  by  beine  soluble 
in  a  xolulion  a(  potash,  and  more  partinilnrly  by  iaslatilJy 
MfRiuniin^  a  black  colour  oa  bciii^  moisleoi^d  »ilh  hydru- 
Aiilpburrl  of  ammonia. 

MmruifU  Acid  and  solutions  of  C'hlcridet  produce  Id 
»olations  of  protoxide  of  lead,  when  they  are  not  very 
dilute,  a  while  precipitate,  which  redisMtlves,  however, 
(lu  llic  addition  of  water.  In  this  sohitioo  of  chloride  of 
lead,  ammonia  produces  a  while  pn-cipitutr.  The  pre- 
cipitate prmlured  by  muriatic  arid,  or  by  sohitinns  of 
ehhirides,  in  solutions  of  protuxide  of  lead,  is  also  soluble 
in  potai4h. 

A  solution  of  Iodide  of  Potastiam  produces  in  solutloiut 
of  protoxide  of  lead,  a  yellow  precipitate,  which  is  soluble 
in  a  inTiit  esiT«s  of  the  precipitant. 

A  solution  of  CkromtiU  o/  Fotngh  produces  in  solotiona 
of  protoxide  of  lead,  n  yellow  precipitate,  which  is  inM)Iu- 
hie  in  diluted  nitric  acid,  hol  soluble  in  a  solution  of  pure 
potash. 

The  sails  of  protoxide  of  lead  which  are  sohible  in 
water  cannot  be  bratiil  to  rt-dw»«,  in  contact  with  tic  air, 
without  Kuirering  decomposition. 

The  solutions  uf  the  neutral  sails  of  protoxide  of  lead 
redden  litmus  paper. 

Must  of  the  salts  of  protoxide  of  lead  which  are  insolu- 
ble in  water,  diiuiolvc  in  nitric  acid.  The  resulting  acid 
sitlulion,  after  being  dilated  with  water,  and  if  the  solution 
))e  [H>1  lot)  aeid,  nDonts  a  precipitate  with  sulphuric  acid. 
The  sulphate  of  lead  is  insoluble  in  diluted  vtxXnv.  acid,  ft 
is  nrvrrthrleRs  easy  to  recotriiise  it  for  a  metallic  xalt, 
for  it  berouieH  instantly  black  on  lieing  tnoif<tened  with 
hydroKiilphuret  of  amniotiia,  and  when  treated  with  soda 
on  charcoal  Iwfore  the  blowpipe,  very  easily  afiords  metallic 
lead. 

Before  the  Bltnrpipr,  tlur  salts  of  protoxide  of  lead  ran 
he  readily  recofruiseU  by  heio;;  miiigleil  with  soda  and 
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heated  ou  cbart-oal,  in  the  timer  tlanic;  upou  which  the; 
arc  reiluced  to  melalHc  g]ubule.i,  which  can  easily  be  Qat- 
Icucd  by  the  bamiucr,  aud  arc  not  tritUc,  Duriuf:  tit 
operation,  the  charcoal  reccivosacoatiiigof  yellu\v  powdi-r. 
(Bkrzklius;  Jntretutany  des  Luthrohrs,  p.  U8.) 


The  solutions  of  protoxide  of  leaf!  can  he  easily  A\i- 
tiiiKuisbed  I'rum  the  solutioiui  of  oilier  oxides,  by  ihrir 
hehuviour  towards  diluted  sulphuric  acid.  From  \he  solo- 
tioiis  of  the  iilciilinr  earths,  they  are  distjii^iishcd  by  their 
reaction  with  hydrustilphurvt  of  auimoiiiu. 


Vhen  a  solution  of  protoxide  of  lead  rontains  a  very 
^real  quantity  of  or^ianic  »iibstaricex,  .to  as  even  to  be 
very  Klmu^ly  coloured  tberehy,  it  still  affütdjt  a  prrci- 
pilale  with  sulpliuric  acid.  The  pn-seuce  of  lead  cau  br 
very  easily  detected  in  the  precipitated  sulphate,  by  liuift{ 
it  with  Hoda  on  chan>oaI  hefore  i\\v.  blowpipe.  If  the  sols- 
liou  contain  e^uni,  the  sulphate  of  lead  does  not  readiljr 
subside,  but  remains  for  a  long  time  üuspended  in  the 
liquid,  and  is  fdtcrcd  nith  difficulty. 

If  a  itolution  »bich  contains  much  orgunic  matter,  coa* 
tain  merely  traces  of  protoxide  of  lead,  then  no  precipitaU 
is  produced  by  sulphuric  acid.  In  this  case,  the  »ojutioo 
must  bn  .slightly  acididated  by  nitric  arid,  and  be  sub- 
jected lo  a  current  of  nulphun-tted  bydro^>n  j^ns.  Tbr 
protoxide  of  lead  is  thus  completely  prccipitatiN)  in  tbr 
state  of  sulpburct  of  lead.  The  precipitate  does  not  fully 
subside,  however,  till  after  some  time.  When  the  solo- 
tion  is  of  small  bulk,  the  lead  euu  be  sufficiently  wi>||  prf- 
cipiintcd.  in  the  state  of  sulphuret.  by  merely  adding  an 
excess  of  liquid  stdphnrctted  hydrogen.  The  preiipitatr 
must  in  this  case  also,  he  fused  with  soda  on  charcoal 
before  the  blowpipe,  for  the  puqjose  of  demonstrating^  th« 
presence  of  lead. — When  protoxidc  of  lead  is  mingled  witli 
solid  oi  pasty  organic  sultetances,  it  is  best  to  mix  the 
whole  with  oarlKtnate  of  fioda,  and  lo  i^ite  it  in  a  covered 
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TTesämn  crarihle;  but  the  operator  must  take  carr«  not  I« 
eBH>loy  too  povvcrtUl  ii  licut  in  this  opcratiuti.  lest  the  re- 
duced lead  lie  volatilized.  AHer  becomint;:  cool,  \h^  f'ii»u*tl 
mass  Ü  ])ulvi^ris«-ü  in  ho  agate  mnrtar  with  watt'r,  ani]  the 
charcoul  is  cart-rully  wunhL-d  awuy.  Thr  rediii:c-d  nielallic 
lc*ad  then  remains  iH-hJnd  in  the  morinr.  and  can  cosily  l>e 
rcc<Kfni.s«d. 


*.  Rkd  Oxidr  ftp  Lbad  filfrffi«m> 

This  oxide  is  pulverulent,  and  has  a  brick-red  colour. 
When  goiitly  heated,  it  tumK  black,  but  apain  bet-omes  red 
on  cooling.  By  a  tttnnii;  heat,  it  i.s  converted  into  jirot- 
oxide  of  lead,  under  d i. •iriigii •semen t  of  oxyuen  gas.  If  red 
oxide  of  lead  be  adulterated,  as  it  »omctimes  i.s,  nith  brick- 
dust,  tlic  latter  is  best  detected  by  treating  the  ignited 
oxide  «ilh  diluted  nitric  acid;  llie  brirk-di-st  tlien  remains 
und i.s solved.  When  the  red  oxide  of  lead  is  put  into  nitric 
or  acetic  acid,  it  becomes  brown  ;  the  reason  of  this  altcr- 
alioii  is.  that  tin-  rcil  oxide  is  ronvrrt«!,  partly  into  i>rot- 
oxido  which  dis:tulve8  ia  the  acid,  and  partly  into  brown 
oxide  which  rrniains  undissolved.  Wlien  the  red  oxidi?  is 
henled  uilh  muriatic  acid,  chlorine  gus  is  disengaged,  and 
chloride  of  icml  |)roduccd. 

ficfore  the  Blotcpipe,  the  red  oxide  of  lead  behaves  like 
fhe  protoxide,  into  which,  indeed,  it  is  converted  by  heat. 


r.  Brown  Oxidk  op  Lkao. 

This  oxide  is  dark  brown,  and  pulverulent.  When 
heated,  it  gives  out  oxygen  gas,  and  is  converted  into 
[iruioxide  of  lead,  without  being  previously  converted  into 
red  oxide.  When  treated  with  muriatic  acid,  il  is  con- 
verted, even  in  the  cold,  into  cbloridc  of  lead ;  the  conver- 
sion being  accompauicil  b)  tlu;  disengagement  of  gitseous 
chlorine. 

Before  the  Biowpipf,  it  behaves  like  protoxide  uf  lead. 


PART  I. 
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XXn.    OXIDE  OF  BISMITH. 


Pare  oxide  of  bisiimth  is  yrllow.  It  becomes  darker 
when  heated,  but  upon  cooUiig  re^aJiia  its  original  colour. 
In  u  stroug  lieat,  it  I'useK  to  a  yellow  glass.  Il  doe»  not 
vül»1ilisp,  cxcepi  .it  »u  extremely  high  tern  {terato  re.  It  ij 
very  easily  rcfliired  to  metallir  bismuth  by  ig:iiition  with 
orf^nic  .substaiict^s  or  rbarcoul  ponder.  The  o^idn  uf 
bismuth  readily  dissolves  in  acids. 

A  f^reut  number  of  hmUa  of  oxulu  of  bidiuutb  dissolve  in 
water,  but  tbe  solution  in  uot  complete.  The  salt  is  de- 
composed by  the  action  of  the  water,  into  an  «eld  sail 
which  dissolves  in  the  watrr,  and  a  \r<is'\c  »alt  wbich  pni- 
a  precipitate  and  maizes  the  liquid  milky.  When  a 
icient  quantity  of  nitric  acid  is  added,  the  sulution  is 
letely  eHected,  and  the  liquid  remains  clear.  The 
reagent«  then  produce  the  following  appearances. 

A  solution  of  Potash  pnMluce«»  a  uliite  precipitate,  whSch 
is  insoluble  in  au  excess  of  the  precipitant. 

Ammo'iut  acts  in  the  same  manner. 

A  solution  of  Cartiotuite  of  Potash  produces  a  white 
prpcipitiite,  which  is  likewise  insolnble  io  an  excess  of  the 
precipitant. 

A  solution  of  liicarboaaic  of  Potash  produces  a  sitniUr 
precipitate,  with  u  di,scnKaK(-*ment  of  carbonic  acid  ^as. 

A  solution  uf  Carbonate  of  Ammonia  behaves  in  the  sam 
manner. 

X  solution  of  Phosphate  of  Soda  pixdutic-t  a.  white  |>raci- 
|Htate. 

A  .solution  of  Oxniir.  Arid  produces  no  immwiiate  preci- 
pitate; but  after  some  time,  a  crystalline  precipitate  Is 
perceptible. 

A  solution  of  Prussiate  of  Potash  produces  a  white  pre- 
cipitate, which  is  insoluble  in  muriatic  ncid. 

A  solution  of  Jied  Prttsaiate  of  Potash  pr<»duces  a ,  pale 
yellow  precipitate,  which  is  soluble  in  nnirintic  acid. 

fI\f<lrostilphuT«l  af  A mmimia  piodiicc.s  a  t>lacV.,  or  in  small 
quantities,  a  very  dark  bniwn  precipitate,  which  is  insolu- 
ble in  an  cxce^  of  the  precipitant. 
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Ititfmd  SiJphttretted  ffr/tirogni,  or  a  current  o( Sulpfitirettrd 
H^drofftn  Gas  produces  a  blacL  precipitate,  even  in  (lie 
acid  }vi>lu(ionit.  Wttuo  but  a  small  quantity  ul*  oxjiIp  of 
bixtnuth  IS  rontajned  id  the  solution,  the  cohiur  of  llie  pre- 
cipitatt;  \s  iliirL  hrown.  It  in  eai^ily  rrdurct)  tu  uii-tallic 
bisiDulli.  when  tnixnl  with  socin,  Hod  fustrd  on  charcoal  in 
the  inner  ßam«  ot'lhi;  hhiwpipr. 

A  bar  of  Melailir  Zinc  precipitates  biKinulh  from  its 
solutions,  and  v\en  from  the  milky  liquor  produced  by 
dihitiiifr  the  soliitiuiiü  of  oxide  of  biftuiuth  with  water.  Id 
tfar  mettillic  state,  and  in  tlie  form  of  a  hhick  .sjmn^'y 
naiw. 

The  solutions  of  oxide  of  bismuth  can  aUo  he  recoguiscd 
by  the  followin;^  reii);cnls. 

A  soluliou  of  Imlide.  of  PotamiutK  pniduces  in  bismuth 
oxide  solutionit,  a  hrouu  prixipitate,  wliich  readily  dis- 
solves in  an  exreäs  of  the  precipilanl. 

A  solution  of  Chromot*:  of  I'otosh  produces  in  solutions 
of  o\ide  of  bismuth,  a  yellow  precipitate,  u  hich  is  soluble 
in  diluted  nitric  acid. 

The  salt.:  of  oxide  of  bisiniilb  cannot  Im'  heated  to  red- 
ness, in  contact  with  the  air,  without  luidcrgoing  decom- 
position. 

The  S4>littions  of  the  salts  «»foxideof  bismuth,  which  can 
only  he  solutions  of  acid  salts,  reddeu  litmus  paper. 

The  Knits  of  oxide  of  bismuth  which  arc  insoluble  in 
water,  di.<<ii)Ive  in  ncids.  The  acid  solutions  l»ccome 
milky  on  the  addition  of  water.  They  give  with  liquid 
siiiphun^tted  hydro);cn  a  dark  brown  or  black  precipitate, 
whiih  is  easily  n^durcd  to  l>e:ids  of  metallir  bismuth  when 
heated  with  xtHla  on  nliurroal  before  llii^  blowpipe. 

Before  the  Blowjupe,  the  .<»jüt.s  uf  uKide  of  bismuth  can 
bo  easily  recoi^niscd.  When  minified  ^tith  soda,  and 
heated  in  the  inner  flame,  Ihcy  are  easily  reduced,  and 
afford  globules  uf  metallic  bismuth,  which  arc  brittle,  und 
sprin«  to  pieces  under  the  hammer.  Duriuc  the  opera- 
tion, the  charcoal  becomes  coated  with  a  yellow  powder. 
(Bbrzblius  :  Arnvendaa^  ät»  Luthrohrs,  p.  95.) 
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The  salts  of  oxide  of  bismuth  can  be  reudily  reco^sfd 
from  their  b«ha\iour  with  water,  and  with  hydrosulpbatrt 
of  aiiiiQonia.  From  solutions  of  prütoxido  of  lead,  tbtf 
are  ensily  dlstiiifCiiishc^l  by  ihrir  rciirliun  with  n  solution  of 
potash,  and  also  by  K>vine  no  pri'ci]>iiatc  ^vith  diluted  sd- 
pliuric  arid.  Tli'>  metallic  tflobiilcü  ohtaitifd  by  ruductioo 
«ith  iht  blowpijif,  art-  discrimiiiatyd  from  those  afforded 
by  the  rediiclioo  of  lead  nail:*,  by  their  brittleiiesa. 


The  presence  of  non-volatUc  organic  subslauc-e»  doi*> 
not  hinder  the  precipitation  of  p\ide  of  bisintith,  either  b« 
water  or  by  alcalie». 

XXni.    DEÜTOSIDE  OF  COPPER. 

Tlie  deutoxtde  of  copper  \h  ptilvendent,  and  of  u  black 
r-olour.  It  is  fused  by  exposure  to  a  very  slroug:  beat. 
When  healed  with  charcoal,  or  with  organic  bodies,  ll 
is  eiisily  reduced,  either  to  protoxide  of  copper,  or  I» 
TCjTuIinc  copper.  It  readily  diasolvcs  in  acids.  The  solu- 
tion has  (reneniMy  a  blue  colour.  When,  honcrer,  the 
Kolulioii  is  I'lfecte«!  in  miiriiitic  arid, it  posseKses  aii  ememld- 
green  colour.  The  hydrate  uf  the  deulo.vide  of  cnpp4*r  i» 
blue ;  but,  upon  being  dried,  or  upon  bein^  exposed  tu  the 
heat  of  IwiiinB:  waier,  it  losej»  its  water,  und  l*eoines  black. 

A  solution  of  J*atniik  prodiicet;,  in  >:ohition>ü  of  deutoxidc 
of  copper,  a  voluminous  blue  precipitate  of  hydrate  of 
deutoxide.  When  this  is  boiled  with  an  excess  of  potash, 
it  tuniK  black,  and  quickly  sithsidcs.  ll  i.s  then  iu  the  stale 
of  deutoxide.  If  u  fiolutioii  of  deutoxide  of  copper  be 
boiled  with  a  .smaller  quantity  of  potash  than  is  neceasory 
to  decuni)M>se  il  cuuiplelely,  the  i>perator  ohtniiiB,  not  a 
black,  but  a  light  Kreen  precipitate,  uhich  is  a  basic  sultof 
Ihr  deutoxide. 

Amimiitüi,  lidded  in  small  quantity  to  solutions  ul  deut- 
o.\idc  of  copper,  |>roduces  a  greenish  prccipitntc,  which, 
however,  dissolves  very  cosily  in  an  excess  ut  the  precipi- 
tant, and  produces  a  blue  solution.  The  colour  of  this  blue 
ammoniucal  solution  is  much  darker  than  that  produced. 
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when,  instead  ori)eiil<i\i<Ie  (irrnp|>f>r,  a  simitar  qanntil\  nf 
oxicie  of  nirkfl  in  tlisKoIvef]  in  »n  ex(*<-ss  iif  :tiiiiiii»nia. 
Krvn  when  a  soluliuu  of  cupper  U  »o  much  dilutetl  lb»t  it 
apiK^ars  colourless,  it  acquires  a  bluish  colour  from  raiiKtic 
amiuouia.  In  an  amnioniatal  solution  of  deutoxidc-  of 
cop|)or,  no  immediate  prccipitato  in  produced,  in  the  cold, 
by  the  nddition  of  a  solution  of  pure  ]K>tii:(h:  I>iil.  after  a 
while,  if  ibo  Koliilion  be  not  too  fliluic,  a  blui-  pni'ipilate 
makes  its  appeiiraiicc.  If,  huwrvrr,  the  iiiiiiuouiacnl  solu- 
tion of  deutosidc  of  cupper  lie  boiled  with  ii  :iotu(ion  of 
(uiu.sljc  potash,  a  denäc  black  preeipitale  iü  formed.  When 
rhi»  precipitate  has  fully  siibsidiul,  the  solution,  which  was 
pru-viuuxlA  of  a  deep  blue  colour,  is  found  to  be  <(il(Hirles.s. 

A  stdutioii  of  ('ttrhaneiie  af  Poieuh  protlureK,  in  »olutioiis 
"f  dcntoxide  of  copiM-r,  in  the  rold,  a  blue  precipitate, 
which  iiuiiiiip  render»  black  «ud  dense. 

Asolutton  of  Birjirlmnatc  of  Pottuh  ^ive.s,  with  solutions 
ofdeutoxide  of  copper,  a  light  greeuiiili  precipitate,  hIiIcK 
cotnph'tcl)-  dissolves  in  an  excess  of  the  precipitant,  and 
fomui  a  IJKht  bluish  solution. 

A  s4thition  of  Carbonate  of  AntMonw,  in  small  quantity, 
prfKluces  a  light  greenish  preripitute,  which  is  ilissolveil  by 
a  iireater  (pianlity  of  the  precipitant.  Tlie  solution  so 
priKlucci),  hfis  the  sawv  blue  colour  as  the  solution  formed 
by  the  addition  of  pure  ammonia  to  a  solution  of  dcutoxidc 
of  copper— A  solution  of  pure  potash  occasions  here  also, 
by  boiling,  a  hoavy  black  precipitate. 

.V  solution  of  Phtisphaif  of  Sittin  produces,  in  solutions  of 
di-utoxtde  of  copper,  a  irrceni.sh -white  precipitate,  which 
dissolves  in  aumuuia,  and  form«  a  hhie  solution.  By  the 
addition  of  potash  to  the  animoniacal  solution,  and  by 
boiling  it,  a  black  hcat*y  preeipituie  is  produced. 

A  solution  of  Oxalic  Acid  produces  immediately,  in  a 
neutnti  solution  of  deuloxide  of  cop[>er,  a  greenish-» bite 
precipitate. 

A  solution  »i  Pramate  of  Potaxh  »ves,  with  solutions  of 
deutoxlde  of  copper,  a  reddish-brown  precipitate,  which  i« 
jiutoluble  in  muriHiir  :iciH. 

A  solution  of  Hed  Pnittiiate  of  Pottuh  produces,  in  «olu- 
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tions  of  (letiloxUle  of  copper,»  y«Uowish-grM'n  precipitalc, 
M'tiirh  is  ioKoluhlc  in  muriatic-  unci. 

Hydrosulphttrtt  of  Ammonia  produces,  in  ncatrnl  solutions 
of  deiitoxidc  of  copper,  a  black,  iii  »mall  quantities  a 
dark  browo,  precipitate,  which  is  in^luble  in  an  excess  of 
the  precipitant. 

Liijuid  Siitp/iiirrltfd  Hydrwfetr,  or  a  current  of  Sulpha- 
rrtted  fftjdrti/ffii.  (im,  produces  a  black,  in  smull  quiintiti«t 
H  diirit  bniwii  prccipilutr,  in  Aulittiiin»,  buth  ncntmi  and 
acid,  of  deutoxide  of  coppttr. 

A  bar  of  Metallic  Ziw  precipitates  copper  from  its  soln- 
tions,  in  the  form  of  a  black  coating.— jV«'/«W(>  Iron  preci- 
tjiitalpjt  coppor,  witJi  the  {KMnitiar  colour  of  cop)>pr.  Eren 
a  very  slight  trace  of  copper  can  be  pn-cipiliilc-d  from 
its  solutions  by  clfao  iron,  upon  which  it  produces  a 
copper-coloured  coating. 

'ITie  Holuiioiis  uf  deutoxide  of  copper  cau  also  be  distin- 
guished by  the  fulloning  reacients: 

A  solution  of  Iodide  of  J'otassium  produces  in  solutions 
of  dculi>\iil(*  of  cnppi-r,  II  M)ii(c  precipitate,  thtr  colour  of 
which  can  only  be  properly  esamiucd,  when  tlie  coloured 
solution,  nhieb  then  contains  free  iodine,  is  potired  off. 
An  excess  of  the  iodide  of  potassium  rediKsolves  the  pre- 
cipitate. 

A  solution  of  Ckrümate.  of  PoUwh  gives,  with  solutions  of 
deutoxide  of  copper,  a  reddish-brown  precipitate.  This 
readily  dissolves  in  iirainonia,  and  forms  an  enuTaIii-i;7eeR 
solution.    It  is  aiKo  easily  soluble  in  dtiulcd  nitric  acid. 

The  saltK  of  deutoxide  of  copper  which  are  solntile  in 
water,  cannot  be  healed  to  redness,  in  contact  with  the 
air,  without  being  decompose*!:  yp|,  if  the  heiit  (>e  not  too 
strong,  the  sulphate  of  copper  oscape.s  decomposition. 

The  solutions  of  the  neutral  salts  of  deutoxide  of  copp«r 
HMldtMi  litmuK  paper. 

The  salts  of  deutoxide  of  cofiper  ubich  are  inKolnhle  in 
water,  can  be  di.ssolved  by  free  acids.  The;  smallest  qnan- 
tity  of  deutoxide  c»f  copjMrr  can  be  prcciptlated  from  the 
acid  sobition  by  liquid  sulphuretted  hydrogen.  The  preci- 
pitated sulphurot  of  copper  mast  be  examined  befnt«  the 
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blowpipe. — TIio  acid  salution  oC  Uicmc  (-(>mpuuii(l.i  is,  liL« 
Solutions  of  oUicr  copper  touts,  rviidcrdl  blue  by  llm  udili- 
(iun  of  an  excess  ot  ammoDia.  A  smaller  quantity  uf 
amtnuiiia,  sti  mucli,  for  Rvample,  a.^  is  ntiiH-'ssury  (u  saturate 
the  acid,  has  the  eiTuct  uf  precipitating  the  insoluble  salt 
of  dniloxide  of  co|>pt)r  undei'om)H>SL-d  from  solution. 

Bcft>re  the  lHowpipe,  the  salts  uf  deutoxidc  of  copper 
can  be  detected  very  easily.  Dissolved  in  borax  and 
nii(To(x>smic  salt,  they  produt'C  in  the  outer  (lame,  a  fine 
grei'n  a)lour;  in  the  inner  Oame,  a  dirty -brownish  red. 
Whan  tJie  quantity  of  the  cop|>er  salt  is  very  small,  (he 
n-ddish-brown  colour  is  ca.tily  prtnluced  by  the  addition  of 
tin.  Mingled  with  sotla,  und  exposed  ou  charcoal,  lo  Uic 
inner  Same,  they  are  mluced :  even  the  smallest  portions 
of  a  copper  salt  can  be  detected  by  the  parlicleji  ai  metal 
having  the  peculiar  rolotir  uf  copper,  which  are  found  on 
washing  away  the  charcoal-  (J1brzri.iuh  ;  AawendttH^  dt-s 
iMthTohra,  p.  DU.) 


The  solutions  of  deutoxide  of  copper  can  very  euj^ily  be 
reco^ised  by  their  behaviour  with  anunonia,  with  a  solu- 
tion of  prussiale  of  potash,  and  with  hydrosulphurct  of 
ammonia.  They  ate  distin^lshcd  from  nickel  solutions 
by  their  behaviour  towards  tlie  solution  of  potash,  and 
liquid  sulphuretted  hydn^en. 


The  presence  of  non-volnlilc  or^ruuc  substances  in  soln- 
tioos  of  deutoxidc  of  copper  has  a  remarkublu  iuOuence 
over  the  behaviour  of  thai  compound  towards  reageitts. 
When  the  solutiwn  of  deutoxide  of  eopper  is  only  .'■lightly 
coloured  by  organic  matter,  the  addition  of  an  excess  of 
potash  produces  no  precipitate,  llie  solution,  however, 
acquires  a  blue  colour,  .tiniilar  to  that  priMhiceil  in  eoiumon 
solutions  of  deuioxide  of  copper  by  Jin  excess  of  amniunia. 
This  is  the  case,  for  example,  when  white  wine,  or  a 
solution  of  sii^r  or  of  tartaric  acid,  contains  a  not  incon- 
ätidcruhle  quantity  of  blur  vitriol,  of  verdigris,  or  of  any 
other  salt  of  copper.    The  more  doutoxide  of  copiwr  the 
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Bolmiou  (Tinithins.  the  more  brilliant  is  the  rrsultinjt  lilue 
colour.  Wlii-n  a  blue  alrnlinr  cttprt-oiis  »olulion  of  this 
sort  iü  boiled,  the  dcutoxidc  of  copper  is,  in  most  casrs 
reduced,  and  a  yellnivi.sh -brown  or  rt-ddiüb-bruwu  prcci])i- 
tatc  is  fonDed,  wliicb  pn'cipitalc  i»  hydrate  ol'protoxtdro( 
copjH-r.  Frequently,  the  copper  is  nluiost  wholly  precipi- 
tated in  the  »tutc  ol*  protoxide.  Tbü  ts  the  case,  for 
example,  Mhen  uhite  wint:  ^vhii'ti  bus  iKri-n  adulterated  I>t 
a  copper  silll,  is  treatetl  an  desi  riU'il  above.  Ol'lt-n.  huu- 
ever,  the  liquid  contiimeä  blue  alter  the  boiling,  and  in  that 
case,  only  ii  jKirtioii  of  the  copper  lias  bo-n  precipitated  tA 
the  state  of  protoxide.  Tliis  is  the  case  when  cupreow 
suftar  solutions  are  thus  treated.  Coses  also  occnr*  is 
M'bicli  boiling  produces  no  change  in  the  blue  solution; 
this  liii[ipeiis  uith  cupreous  tartaric  acid  solutions. — Wbei 
tkese  solutions  cuntuiu  but  slight  trnrct  of  deutoxide  of 
copper,  its  presence  ctuinnt  b«  dt-teuled  by  a  solution  of 
potush ;  for  this  rea^nt  then  produces  no  blue  colour,  ooit 
boiling  prudiia's  no  precipitate  of  protoxide.  And  when 
also  the  cupreous  solution  is  very  deeply  coloured  hi 
ori^nic  .substances,  no  blue  colour  ciin  be  produced  by 
potash ;  this  is  tl'ie  ciuic  with  red  wiuv  nbicb  contains  a 
large  qunntity  of  deutoxide  of  copper.  The  addition  nf 
pola.4li  to  such  a  Kulutiuii  produces  a  dirty  ^een  opaqa« 
solution,  aud  a  precipitate  uf  the  same  colour.  Itoilioi.% 
however,  bus  the  eil'ect  of  throwing  down  bro'n  uisb-iul 
protoxide  of  copper. 

If  oiiiuionia  be  added  to  a  t;olutiou  of  copper  whitli  is 
contaminated  by  uon-volatilc  orj,'anic  substances,  no  blue 
colour  is  communicated  to  the  solution,  unless  the  quantity 
of  the  driiloxitie  of  copper  be  ]>n-lty  corisidi^rable,  and  til« 
colour  of  the  liquid  bo  not  darli..  When,  for  i-xuniple, 
w  bile  >«ine  contains  a  pretty  larijo  quantity  of  deutoxtde 
of  ropjM-r,  the  adilitiou  of  an  excess  of  uinmonia  producv« 
niert'ly  a  diriy  ureen  or  brown  colour,  and  a  blue  sulutiun 
can  be  produced  only  when  the  qiiautity  of  dissolved  deut- 
oxide of  copper  is  very  cousiderable.  When  the  solution 
of  deutoxide  of  copiicr  is  stroiiply  coloured  by  orj^nic 
substances,  then  an  excess  of  ammonia  produces  no  blue 
colour,  even  tliough  u  pretty  liir^e  quantity  of  doutoxitlc  of 
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copper  l>e  present.  Kod  wine,  which  cuntains  deutoxide 
of  capper,  arqmreH  Troiu  aniiuoiua  only  a  dirly  Itrtmn 
colour,  a  change  precisely  similaT  lo  that  produced  by 
amtuüniu  in  jkprfccily  pure  n-d  winr. 

Oiiv  of  Ibo  m»»t  trust-wurlliy  ri'uj^ciilH  fur  readily  de- 
tectiiiK:  dctitoxido  ol'  copiwr  in  solutions  'which  contain  a 
lat^v  i{u»iitity  of  non-vulutile  orKanic  substances,  is  the 
solution  uf  prus.siatL'  ut'  putasb.  Kveu  ulit'u  tlif  fdi^btest 
traces  of  deutoxidc  of  copper  are  contained  in  a  sotutioa 
nilh  very  considerable  qiiaDtilies  of  iirifunic  »ubstaiices, 
llie  iwlutioQ  of  prusütatc  of  potoüb  produces  the  tianie 
cbnracteristic  reddish  precipitate  tbat  it  prinlaccs  iu  äolu- 
(ionK  of  pure  dp.ulo\i<le  of  cupper.  It  is  neressary,  how- 
erer,  that  llic  suluttoti  W-  either  neutral  or  slightly  acid, 
aad  not  altuliue.  SliKht  traces  of  deutoxide  uf  cuppercun 
be  detected  in  this  manner  in  nhitc  wiuc,  mid  io  .solutjoiu 
of  Kiigar  and  other  oi^aoic  subslanees.  The  solutions, 
however,  must  nut  be  very  strongly  coloured,  othcruise 
the  test  becomes  ineAccluul.  In  red  uine,  for  example,  it 
is  imptiBdiblc  to  detect  deutuxide  of  ctipper  by  prussiate  of 
pota.sb,  unless  the  deutoxide  of  copper  be  present  in  consi- 
demble  quantity- 

*  Tbe  tturesi  way  uf  detecting  tlie  sligfatcst  traces  of  dcut- 
oxide  of  copper  in  a  solution,  is  to  pa-ripiliite  it  in  tlie 
state  of  tuetallic  copper,  by  clean  iron^as,  for  exanijile,  by 
tbe  blade  of  a  knile.  Even  when  the  solution  contains 
organic  suLslanceä  uf  every  description,  and  isquile  darkly 
coloured,  or  even  completely  opaque,  the  pn-scuce  of  lUe 
:4lighie»t  traces  of  deutoxide  of  copper  are  detected  by  the 
copper-red  coatin)^  acquired  by  the  iron.  The  only  preca  ii- 
tion  neressitry  to  lie  taken  is,  tlitit  of  rcndcrJni;  the  solution 
sliKbtiy  ucid.  When  the  solution  contain«  but  a  very  snmll 
quantity  of  deutoxide  of  copper,  the  iron  does  not  become 
coated  with  the  metallic  copper  till  it  hiut  been  exposed  to 
tbe  solution  for  several  hour*  Tbis  mctbud  of  detecliu); 
small  quantities  of  deutoxide  of  copper  is  even  more  deli- 
cate Ibiiii  that  by  means  uf  sulphurctttfil  hydrO);:eu  jpis. 
•Solutions  whirb  contain  very  small  quantities  of  deutoxide 
of  copper  mingled  with  lar^e  quantities  of  organic  sub- 
stances, adord,  indeed,  a  brown,but  not  a  black,  precipitate 
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M'ith  liquid  suIphurellMl  hytlrogcu.  Tbcy  alTord  also  ÜK 
fiiimr  (irtxripitate  with  hydrosutphuret  ol'  aminoDiu,  pro- 
vided they  have  been  rendered  alcalinc  prcrioas  to  iu  J 
ftdditiüD.  But  it  iä  ncce&sary  tbnt  the  operator  ronvtnccl 
himself  of  the  actual  presence  of  copper  in  the  resulting  I 
precipitate;  be  omst,  therefore,  collect  and  cxntnioc  itl 
before  the  blowpipe.  This,  however,  iu  not  ctisy  to  d&l 
Small  qufintities  of  siilpliiirct  of  copper  are  separated  byl 
the  liltcr  with  the  ffrcatc^t  difiiculty;  and,  in  Solutions,] 
which  contain  much  organic  matter,  are  retained  a  rett  I 
long  time  in  aiispciiüion.  Kxtremely  sliühl  tmce«  of  copprt  I 
are,  besides,  frequently  not  at  all  indicated  by  liqtiid  nd>l 
phurettcd  hydn»}rcn,  while  titcy  can  still  be  pirnipilatcd  by] 
blank  iron ;  and  wbi-n,  nuin-ovcr,  a  Koliiliou  is  rer^'  »troDfln 
coloured,  the  employment  of  liquid  sulphuretted  hydrofs' 
for  the  detection  of  copper,  in  altogether  objectionable- 

Whrii  pasty  or  solid  OHrTunic  sulMtanres  are  mingMl 
will)  small  quantities«  of  deutoxide  of  copper,  tfaey  ud 
usually  digested  with  nitric  acid,  and  in  some  causes,  witu 
diluted  »ulpburic  acid,  and  the  deutoxidc  of  copper  iJ 
sougbt  lor  in  tbe  fillorcd  solution.  Kxtreuioly  Klig^bt  tracM 
of  deutoxide  of  cupper,  when  inin};ted  witU  very  la.rge  quiD-l 
titicM  of  organic  sulistancfN,  riinnot,  buwrvcr,  be  detected  bn 
such  ii  proce.ss.  It  is  best,  iu  tbis  case,  tu  mix  the  substaocu 
with  carbonate  of  soda  or  carbonate  of  puta«h,  to  iKninI 
the  mixture  in  a  Hessian  crucible,  and  to  leviieratc  thil 
ignited  mass.  The  charcoal  is  tJirn  Ke|mrated  hy  uasliio&J 
and  the  reduced  copper  remains  in  tlie  mixture.  In  tbn 
manner,  roppi-r  ran  be  dcte<-led  in  food  which  has  be« 
Imilcd  in  coppcT  vessels,  and  in  brc»d  which  has  beeil 
adtdtcrated  with  very  small  quantities  of  blue  vitrioL— I 
The  hesi  method  of  perfurming  this  operation  so  aa  M 
detect  tlie  slightest  trace  of  copper,  liaj;  been  described  M 
jACQUEMVPis  (Poggkndorkf's  Anufdcn,  T.  Xvm.p.753 
as  Ibltows;  The  substance  is  mixed  with  a  suflicieuiquaa-i 
tity  of  water  to  produce  a  sot^  paste,  which  is  then  mixed 
with  twice  its  weight  ol' pulverised  crystals  of  oarhonatttf 
stxla.  The  Hessian  crucible  which  contains  tlie  mixtott  tf 
covered  and  gradually  heated ;  and,  6ually,is  exposed  durinf 
a  quarter  of  an  hour  to  a  fiül  red  heat.    After  beoania{ 
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cold,  the  charred  mas»  i»  pulverised  in  an  apate  mortRr. 
A  portion  of  the  mass  is  Grst  placetl  in  the  mixtnrc,  and 
after  bciujr  ninixtenrtl  with  water,  is  vory  finely  pulverised ; 
mure  water  is  then  pour«!  into  thf  mortar,  and  after  beinjc 
KtirnHl  rfttind  with  the  pestle,  is  carefuHy  poured  oft"  with 
the  charcoal  pciwder  in  xusppnition.  The  remainder  of  the 
mass  is  then  puhTrised  Jathc  saini-  nninm-r,  and  the  ^rind- 
io^  and  washing  '\s  coniiiiutnl  until  the  mortar  is  entirely 
freed  from  charcoal.  The  copper  should  then  remnin  nt 
the  hullom  of  ihe  mortar,  in  the  slate  uf  minute  mt-iallie 
cropper  coloured  seated. —  K  a  smaller  quantity  of  carbonate 
of  soda  In;  taken  Ihan  that  which  is  here  prescribed,  the 
detildxiile  of  ropprr  ran  «till  t>r  reihiceil,  Imt  it  is  then  »o 
Ünely  divided,  that  it  is  liable  to  be  washed  an  ay  with  the 
cliareoal.  It  is  necessary  als«  t«  allow  the  criieible  to  Im» 
ihoroughlyignitedjthat  the  minnte  particles  i»f  the  reduced 
copper  may  l>e  better  able  in  unite  lucether.  To  prevent 
■he  destrucliou  of  the  crucible  by  the  alealine  carbonate  in 
the  heat,  it  is  proptrr  (o  lay  at  the  bottom  of  the  crucible  a 
portion  of  the  substance  for  annljsiü.  unmineleil  with  cnr- 
bonalfN)  aleali.  A  mortar  of  porcelain  or  stone  cannot  be 
employed  instead  of  an  a^ate  mortar. 


XXIV.    OXIDB  OF  SILVKK, 

Id  m  pare  state,  the  oxide  of  silver  forms  a  ^eyisli 
brtiwTi  powder.  Ft  tunuv  blai^k  in  the  Munshine,  and  is 
reduced  by  ignition  to  molaJlic  silver.  It  readily  dissolves 
in  nitric  acid  and  in  several  other  acids.  T)ie  acid  solu- 
tion bebftfeB  towards  reagents  like  the  aqueous  solution« 
of  the  salts  of  oxide  of  silver. 

A  solution  of  Potash  produces  in  solutions  of  oxide  of 
silver,  a  light  brown  precipitate,  which  is  iuM)liihle  in  an 
excesfi  i>\'  the  precipituni,  but  is  dJ-sMilvcil  when  ummontu 
is  added. 

Ammonin  produces,  in  neutral  solutions  of  oxide  of 
Kilver,  when  added  in  very  .><mall  qtiantily,  a  bro%vu  preci- 
pitate, wliich  is  dissolved  with  extreme  facility  when  a 
little  more  ammonia  is  added.  If  the  solution  of  oxide  of 
silver  contains  free  acid,  the  suturatioo  by  caustic  am- 
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niüniu  pntdurt's  no  pmcipitale. — In  a  soluLion  of  OKide  U 
xilvLT,  to  uhirh  ammonia  b'AS  tieen  added  in  excess,  a  sohh 
tion  of  pure  potash  producos  a  whitf  precipitate,  proridd 
the  exress  of  ammonia  be  ver>'  small. 

A  solution  of  Carbonate  of  Volash  produces  in  flolnti«: 
of  oxide  of  silver,  a  white  precipitate,  which  in  fiolablei 
niamonia. 

A  solution  of  Bicarlmnate  of  Potoih  produces  iu  sulutic 
uf  oxide-  of  silver,  a  white  precipitate,  M'hich  is  solnhle  i( 
ummouia. 

A  solution  of  i'arbotutif  of  Ammonin  prodticcrs  in  Mb 
tiotts  of  oxide  of  silver,  a  white  precipitate,  which  is  soli 
in  an  exces»  uf  (he  precipitiuit. 

A   solution    of  Pkosft/ialtr  of  Soda  produces    in    neatnl] 
sohitiun.s  of  oxide  of  silver,  a  yellow  prrctpiLiitc,  whicli 
soluble  in  caustic  ammouiu.   The  »olutiun  remaining  aboi 
the  preripilate  reddens  htnius  paper. — ll"  the  phosphate  i 
soda  he  expitsml,  yhorlly  hetore  thu  experinicul.  tti  a  st 
red  heal,  and  then  dissolved  in  water,  its  solutions 
ducfs  in  solutions  of  oxide  of  silver,  a  white  prccipitaie. 

A  solution  of  (^jnJfV /InW  produces  in  neutral  .solution 
of  oxide  of  nickel,  a  white  precipitate,  wbieh  is  soluble  il 
ammonia. 

A  Kotutinri  of  pTtuiKtate  of  Potimfi  produces  iu  solntici 
of  oxide  of  silver,  a  white  precipitate. 

A  solution  of  Rpfl  Pmssinte  of  Potash  |>ro«tuces  in 
tions  of  oxide  of  silver,  a  mdUisb  bro%vn  precipitate,  wl 
has  much  resemhlam:«  with  that  thrown doun  liy  aumoa&i] 
from  solultons  of  peroxide  of  iron. 

ilydr(n»}phttrft  of  Ammonia  produces  in  solution»  of  IIk 
Halts  of  oxide  of  silver,  a  blark  piTcipitiite,  which  is 
Juble  in  an  execs«  of  the  precipitant. 

Lufuid  Stilphttretti-d   lli/drof/fn,  or  a  current  of  •SwhiAaJ 
retted  Uifdrogfin   (ras,  priMiures  either  in  neutral    or 
solutiniiK  of  oxide  of  silver,  a  blark  pnnripitale. 

A  bar  of  MrtulHc  Zinc  prtxipitatcH  silver  from  its  sol 
lions  in  the  metallic  Htate.     Near  the  unc,  the  rcdt 
silver  is  black ;  farther  therclrom,  it  is  white. 

The  Holutions  of  oxide  of  silver  can  hIko  be  rccoK 
from  their  behaviour  with  the  fullmvtng  reagents. 
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m  Siwnattr  Arid  nnd  solution»  of  the  Cühridai  pmdiicr  a 
r  white  prMipiintc,  even  in  vory  dilute  solutions  of  the  oxide 
of  silver.  When  the  solution  t-oiitains  nn  extremely  small 
t|iiHntity  nf  oxide  iif  silver,  the  precipitate  subsides  very 
alowly,  nod  tile  solution  iict|uireit  an  opalescent  appear- 
once.  In  larger  <|iiHntilirM,  tlie  precipitate  is  floctulcnt.  It 
is  readily  di^olved  liy  itiiuiioiiia,  but  is  in.solid)Ie  in  diluted 
ucids.  If  e^cposed  to  tlie  li^lil  of  the  sun,  it  xfyeedily  loses 
its  while  colour,  and  beooioes  ^rey  or  rather  riolet.  Tlie 
L'hanire  of  rolour  commeneeit  at  the  surfaee. 

A  MtiUttiou  of  /oditfe  of  Pofustiain  produceJi  in  solutions 
of  oxide  of  .silver,  u  white  prrripitate  inclining  to  yellow. 
This  IM  Ter}*  sparingly  soluble  in  ammonia,  but  dissolves 
more  ea>iily  in  an  excess  nl'  the  solution  of  iodide  of 
potussiuni. 

A  mihilion  of  C/nromtte  of  Potmli  pro<lur<-.s  in  solutions 
of  o\ide  of  silver,  a  dark  reddish  brown  pn^cipitatc,  nhich 
is  sohible  in  dilntcd  nitric  arid  find  in  ammonia. 

A  soluiion  of  FrutwulpiuitK  of  Iron  prodnres  in  neutral 
aoluiions  of  oxide  of  silver,  a  white  precipitate,  consixiing 
of  HK-tiillrr  silver. 

A  solution  of  Vrotochloride  of  Tin,  to  which  muriatic 
arid  iu  sufficient  (|uautity  to  reqder  it  clear  has  been 
ndded,  pnidure»  in  solutions  of  nxideofHilver,  «hen  added 
in  .snail  i|UUHtity,  a  «hitc  precipitate  of  chlofide  of  silver. 
When,  however,  a  greater  quantity  of  protochloride  of  tin 
in  added  to  solutions  of  oxide  «if  silver,  the  soliitiniis,  e.spe- 
cially  nben  heated,  acquire  a  Imtwn  rolour  from  reduced 
.lilver. 

Tho  white  or  li)(ht-eoloiired  precipitates  of  «ilver  are 
parlicuiarly  chiirarterised  by  the  black  colour  which  tliey 
readily  assume  at  the  surface,  on  iM-iniii'^xposcd  in  a  nuiist 
condition  to  the  influence  of  light.  Tbi.s  rhanf^-  of  cohiur 
lakei?  place  most  easily  with  the  precipitates  formed  io 
silver  solutions  tiy  nnirialic  arid  and  the  chlorides;  it 
occurs  in  a  less  degree,  or  scarcely  at  all,  with  those  pro- 
duced hy  solutions  of  iodide  of  potassium  and  phosphate 
of Koda. 

The  snllä  of  oxide  of  silver  which  nrc  soluble  in  water, 
cannot  lie  heated  to  redness  without  hein^  decoiuposfil. 
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The  solutions  of  the  iicuiral  suliMot'sUvi'r  have  noactian 
on  litmus  pnper. 

The  »alls  of  oxUle  of  »jlvrr  wbiub  »re  insoluble  in  w«l«, 
nearly  all  dissolve  in  nitric  acid.   The  presence  of  oxide  of 
silver  is  detected  in  Üie  acid  solution  by  niu»ns  of  muriBlir 
acid.     This  reaj^ent  precipitates  the  chloride    of  sUtc^. 
which  is  insoluble  in  acids. 

Before  the  IHawylpp,  the  silver  salts  arr  ea.sily  deledi 
by  beiof  fused  with  soda,  upon  which  they  are  reduced 
metallie  silver.     (BuR/.ni.lDs:  Ufher  dif  A»tr*vdtitiff 
iMthrohrs,  p.  101.) 


The  solutions  of  oxide  of  stiver  can  vcrj'  easily  be 
niaed  by  their  beha\iour  towards  muriatic  acid,  aiid  b>'  I 
behaviour  of  the  precipitated  chloride  of  silver  towi 
aiuuioiiia  and  diluted  acids.     That  which  dititiiipiishes 
chloride  of  silver  from  other  insoluble  chloride»,  being  ■ 
solubility  in  amnioniu  and  insolubility  in  diluted  ackls. 


The  presence  of  non-volatile  orpnnic  substances  in 
lions  of  oxide  <ir  silver,  doe.s  not  prevent  the  precipitat 
of  that  melal  by  muriatic  acid. 


XXV.    OXIDES  OF  MERCURY. 

n.  I'rotoxidr  OP  Mrrcvry. 

Pure  protoxide  of  Mercury  i(>  black.     A  ver^r 
heat  converts  it  into  metallic  mercury  and   peroxide 
mercury.     A  stroug  heat  decronipases  it  into  metallic 
cury  and  oxygen  i^as.     When  tn^aled  by  variouR  add 
and  particularly  when  free  alcali  i-t  present,  the  proto\id 
likewise  very  often  falls  into  metallic  mercury  ui 
oxide.    The  solution  of  the  protoxide  is  best  obtaii 
treating  an  excess  of  the  metal  with  nitric  acid.- — isoinrl 
the  neutral  salts  of  pruloxide  of  mercury  dissolve  onljl 
partially  in  water,  bcinjr  da^otnposed  into  an  a<-id  soloMr 
»alt,  and  a  liasic  sail  which  is  not  soluble     Tbc  oeatnl 
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nitrate  of  ihtoIokUI«  or  mert-ury  is  a  Kalt  uf  lliiü  descrip- 
tion. 

'riic  sulutions  of  proioxidt*  of  iitercurj'  behave  towards 
reagi-nt.s  ua  fullnws: 

A  «otuiion  of  Potash  prodaccs  in  solutii>Dä  of  protoxide 
of  men-iir}',  a  liliick  prcripitate,  which  is  insoluble  in  an 
exvetis  of  Ihf  precipitant. 

AiMmonia  prucluct-s  in  !toluti»n.s  of  protoxide  of  mercury^ 
a  black  precipitate,  which  is  insoluble  in  an  excess  of 
ammonia. 

A  liulution  of  Carbonate  of  Potash  protluccs  in  solutions 
ofpi-otoxide  of  mercury,  a  dirty  yellow  precipitate,  which 
boilinjr  renders  blacL. 

A  fiolutiim  of  JiifxtrhoTuttc  of  Potasli  produces  a  white 
precipitate,  which  turns  blacli.  when  boiled.  Carbonic 
acid  i^HK  i-4  dittrhariied  during  tlie  Ixulin};. 

A  solution  of  CarboMite  of  Ammoaia  produces  in  solu- 
tion-i  of  protoxide  of  mercury,  in  small  quantity  u  ^n-y,  in 
larger  <itinnlity  a  black  prt-cipitatc. 

A  sidution  ol'  Phosphate  of  SmIu  ^'ive^  with  «ilulioos  of 
protoxide  of  mercury  a  whiti^  jiri^cipitati!. 

A  Milulioii  of  Oxuiic  Acid  pruducus  in  solutions  of  prot- 
oxide of  mercury,  a  white  precipitate. 

A  solution  of  Prutsiate  of  Potash  priKlucrs  in  solutions  of 
protoxide  of  mercury  a  white  gclacinouä  pn-cipitatc. 

A  solution  of  lifd  Pmssiale  of  Poiath  produces  in  solu- 
liODs  of  protoxide  of  mercury,  n  reddish  brown  precipitate, 
which  after  some  time  Iteconies  white. 

Hydroxulphurrt  of  Ammonia  produces  immediately,  in 
solutions  of  protoxide  of  mercury,  a  black  precipitate, 
which  is  not  only  insoluble  in  an  excetbi  of  the  pnH'ipilant, 
hut  iilso  in  ammonia.  It  partially  dissolves  in  a  solution 
of  pure  potash,  leaving  a  black  powder,  which  on  being 
brought  upon  a  filter  and  rubbed  with  a  fdass  riHl,  proves 
to  Ih^  mrtuilic  mcrcurj'.  The  filteritl  ulraliue  .sidution,  on 
being  supersatunitcd  by  an  acid,  atfords  a  black  precipi- 
tate of  sulpluiret  of  mercury. 

Lit/uid  SulphuTetled  Hydrogen,  or  a  cum-nt  of  Sitlphuretted 
llydrogm  (Jax,  produces  iiunied lately,  eiibcr  in  neutral  or 
acid  solutions  of  protoxide  of  mercury,  a  black  precipitate. 
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This  is  tlie  case  even  vtUen  much  le^  sulphuretlpcl  hydra- 
{Tcii  gas  is  einplovei),  than  is  necessary  for  the  romptfte 
saturation  of  tlio  solution  of  protoxide  of  mercury. 

A  bar  of  M^taliic  Zinc  ihrows  down  mpn^iiry  in  li» 
metallic  state,  in  the  form  of  a  p-ey  coatinir,  which  is  u 
antal^iun  of  xJnc  »nd  mercury. 

The  sdlatinn»  of  protoxide  of  mpn^nry  can  iil«o  be  le- 
co*ri»i«r<l  from  their  brhavimir  uith  tlic  foltowinp  reagenti. 

MuTiniic  Acid  atid  solutions  utthe  Ckloridex  priiclncc  in 
NohitioDK  of  protoxide  of  mercury,  even  nliou  added  in  thr 
smallest  t(uanttlieji,  u  wliite  (»rccipitate,  \*hich  is  insoluble 
in  simple  Hcids,  and  is  rendered  black  by  «nimotiia. 

A  solution  of  Jotlide  of  Potassium  produces  in  Kolutionf 
of  protoxide  of  mercury,  a  greenish  voIIom-  precipiiatr, 
which  a  greater  addition  of  the  reagent  rend<?rs  blarkisk, 
and  H  Mtitt  greater  dissolves. 

A  soliition  of  Chromate  nf  Potnstt  gives  a  red  precipitalT 
with  solutions  of  protoxide  of  raertiiry. 

A  drop  of  a  solution  of  protoxide  of  mercury  placcil 
tlpoQ  a  piece  of  brio;h1  rofijur,  and  rubbed  off  with  paper, 
after  havinp  been  some  time  in  contact,  leaves  n|Kin  the 
co|>]>cra  .silvery  slain,  which  disappears  when  it  is  hcat«d 
to  rediictis. 

The  salts  of  protoxide  of  mercury  which  are  .toluble  in 
water,  are  decomi>o8ed  and  voIatiliUKl  by  a  red  heat. 

The  solutions  of  the  protosalts  of  mercury  redden  lituiu 
paper. 

The  .salt.s  of  protoxide  of  mercury  »hii:h  are  iii.sidiible  in 
water,  can,  for  the  niofit  part,  be  dissolved  in  dilutc^d  oiinc 
«dd.  The  acid  iwlutton  produce!)  with  murintir  acid  ■ 
white  precipitate,  which  ammonia  turns  black  hnt  does  not 
dis«ol\e. 

If  the  protosalts  of  merrury  are  mingled  with  dry  sodt, 
placed  in  a  f:\iis»  tube  closed  at  one  end,  and  heated  to 
redncKä  by  the  tiame  of  the  ßlou^pipe,  they  are  reduced, 
and  mercury  sublimes  in  the  form  ofa  grey  powder,  «tikli 
on  Wing  rubbed  together  by  a  gla.s.s  rod,  can  ea.sitv  I* 
seen  to  form  globuh-.v  of  mrtalhr  mercury.  (JIkkzuliiis: 
Ueber  die  Anwendung  des  Lntfira/irx,  p.  101.) 


PBROXIDBOP  UBBCURY. 


139 


The  solution»  of  tlic  protosalts  of  mercury  can  easily  be 
dctertetl  by  their  behaviour  towards  muriatic  ncid,  Knd 
by  the  behaviour  of  the  prccJpitHtc  thus  formi-d  towards 
arotnooia.  'ITic  conversion  of  Us  white  colour  to  black,  by 
ilie  action  of  the  latter  reaeent,  is  a  character  which  dis- 
tiii^uiHhes  the  inenruriul  precipitate  from  that  produced  by 
muriatic  acid  in  the  solution)*  of  oxide  of  silver.  In  tho 
dry  way,  it  is  very  easy  lo  prove  Ihr  pre.sunce  of  mercury, 
by  the  production  of  llic  globules  of  that  metal. 


h.  Pp.ROXiriK  OK  MKRCtKV. 

Pure  peroxide  uf  mercury  is  commonly  rrystullinc,  and 
tbeu  possc;t»es  a  brtcl-rcd  colour;  but  when  it  is  very 
ßnely  pulverised,  it  becomes  yellowish.  .^  uentle  heat 
(iini!i  it  black;  but  tlie  brick-red  colour  returns  ns- the 
beat  18  diminished.  A  slroni;  heat  ilecnmposeK  it  into 
oxygen  gns  and  metallic  mcrcurv, — If  pero\ide  of  mercury 
is  supposed  to  t>e  adulterated  with  red  lead,  it  .should  be 
put  into  a  small  ^laas  tulie  cIo.sed  at  oue  end,  and  be 
exposed  to  heat  till  the  peroxide  of  mercury  is  completely 
decomposed.  If  red  lead  be  prcM-nt,  the  oporalio«  yields 
fuiced  protoxidp  ol'  lead. — If  pen>xide  of  mercury,  adul- 
terated with  brtrk-du.st,  be  treated  in  the  same  manner, 
the  brick-dii.st  remains  behind  unchanged. 

Peroxide  of  mercury  easily  dissolves  in  acids.  The 
acid  solution  b*havcs  towards  reagentd  precisely  like 
Solutions  of  the  salts  of  peroxide  of  mercary  vihich  are 
soluble  in  water. 

A  solution  of  Pfitnsh  pnHliiees  in  solutions  of  ^teroxide 
of  mercury,  a  yellow  precipitate,  which  '\a  insoluble  in  an 
excess  of  potash.  If  too  small  a  quantity  of  the  pnn'ipi* 
tant  be  applied  to  the  solution  of  peroxide  uf  mercury,  tlic 
precipitate  is  reddisli  brown.—If  the  mercurial  solution 
contain  muriate  of  ammunin,  potaxh  prmluces  »  white 
precipitate.  And  when  also  ihe  snliiiiim  contains  very 
much  free  acid,  potash  produce.«  a  whiti.sh  precipitate. 

.Inimoitia  pmduces  in  solutions  of  the  persalts  of  mer- 
cury, a  while  precipitate,  not  soluble  in  an  excess  of  the 
precipitant. 

PART  I.  » 
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A  sotuiibn  of  f^rbonate  of  Potmh  produces  in  soluttoM 
of  peroxid«  of  mcrt'ury,  a  reddish  brown  preripilale,  wbifli 
is  insoli:l>le  in  no  excess  uf  carbonate  of  potUKb.  If  the 
solutiou  of  mercury  conlaiii  muriatf  of  amuioDia,  carbonate 
of  potash  produces  a  wliitc  precipitate. 

A  üolutiou  of  liicarbotMU  of  Potash,  added  to  uolatiou 
of  pernitralc  or  ,i«rsulphate  of  mercurj',  produces,  und« 
dUeof^Hft^'tnent  of  rarbonic  ticid  ens,  ii  bniwiiixh  ruil  prrci- 
pitatc.  A  Süluiiou  of  percliloride  of  mercury  is,  at  fin«, 
not  troubled  by  a  solulioo  of  bicarbonate  of  potash  ;  aJler 
some  time,  bonerer,  it  dcpcsita  a  dark  reddish  bron 
precipitate. 

A  solution  of  Carbonate  of  Ammoma  produces  in  sob* 
tion.s  of  peroxide  of  mercury  ;i  white  precipitate. 

A  »uJutiiiii  ul"  Pfiospliate  of  Soda,  uildni  to  solutions  of 
pemitrate  or  persulphate  of  mercury,  produces  a  white 
prccipitute ;  but  added  to  »olutious  of  percbloride  of  mer- 
cury, it  only  occa*ionj(  a  very  ulijtht  iroublinjr. 

A  solution  of  Ojallc  Aihi  pioiluces  in  solutions  of 
nitrate  and  persulphate  of  mercury  a  white  precipitate 
but  in  pt:i-clili>ridc  of  mfircury,  it  forma  no  precipitate. 

A  solution  of  Prjinsuife  of  Pofmt/i  produce»  in  soIdi 
of  pemxidu  of  uien:ury  a  white  pn>cipilute,  which  al 
some  rcposure  becomes  blue,  Ui  consequence  of  the  fornui< 
Hon  of  prussiiin  hUu: 

A  solution  of  Iteti  Prust'tate  of  Potash  produces  id 
tions  of  pemitrate  and  persulphate  of  roereury  a  yel 
preripitute;  in  soluLiuiiN  of  penhloridi-,  uci  precipitate. 

llifihmrifp/iiirtfi  uf  Ammouiu.  when  dropped,  in  very  amaS' 
quantities,  into  solutions  of  peroxide  of  mercury,  produrr^j 
where  it  comes  into  contact  with  the  liquid,  a  black  pre- 
cipitate. But  this  precipitate  becomes  completely  whib- 
when  the  mixture  is  shaken,  even  thoujih  much  of  the  salt 
of  mercury  remains  In  solution  undccom postal .  Tlie  wliitr 
prenipilalc,  Ibruied  by  H;;itut)ii»:  the  black  one  in  the  liquiii. 
remains  a  very  long  time  in  suspension.  If  more  bydro- 
.salphuret  uf  ammonia  is  f^rndually  uUdvd  to  the  äotutioo« 
the  rt'sniting  precipitate  i.s  a  mixture  of  black  and  «hiV 
and  if  an  excess  of  the  precipitant  isudtled,  the  precipitatr 
which  does  not  redissolve  in  the  cold,  is  rendered  perfecd] 
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black.  Tbc  precipttato  is  aJso  inMilubte  id  ammoDia.  but 
it  (tiKM>lYPx  romplrtc'ly  in  ii  .«ulutiou  of  poiasb.  It  can  be 
repRTipitiitrd  I'rum  tbc  ulciUiue  solution,  by  supcntata- 
ratitig  it  with  an  acid. 

Li(fiiid  Sufp/iNTetled  Hydrofjen,  or  a  cuirenl  iif  Suipku- 
rrtled  Uydrtttfen  Gas,  behave»  bulb  uillt  at'id  and  ncutrdJ 
sobitiuns  of  jieroxidc  of  mercury  in  the  itiuuc  niimocT  us 
the  piecediufE  ivaeent,  but  ulieu  »ulpburetted  hydrai;en  ia 
employed,  tbe  phcnomrna  can  be  bettor  obsened  tbon 
witfa  bjdrosulphuift  uf  aiumouia. 

MrtaUie  Zinc  acts  u  ith  solutions  of  the  peroxide,  in  the 
same  milliner  as  with  solutinni«  of  the  pmtoxiilr. 

Tbc  subiliim»  of  pcntxidr  of  mi^rcury  can  ai.sn  be  recog- 
nised by  Ibeir  behaviour  with  the  follonine  rcagcnt£: 

A  sobition  uf  toduie  of  Potasjiiuw  pmdurrs  in  Koliitiong 
of  peroxide  of  mercury  a  cinnabar  red  |;ie<.'ipitale,  which 
dissolves  either  in  an  excess  of  ibe  iodide  of  potassium  or 
of  the  solution  of  peroxide  of  mercury.  It  iit  abio  soluble 
ID  niuriattc  acid. 

A  solution  of  CAromatt  of  Potnth  produces  in  solutions 
of  peroxide  of  mercury,  provided  they  be  not  very  dilute,  a 
yellowiith  Tvd  prccipitnte. 

Towards  Metallic  CopjKT,  solutions  of  j>ero_\ido  of  iner* 
cury  behave  in  the  same  manner  as  solutions  of  tbe 
protoxide. 

When  heated  to  redness,  the  persaltn  of  mercuiy  which 
are  soluble  in  water,  arc  decomposed  in  the  same  manner 
as  l[ie  Holublc  protusalts. 

Solutions  of  tlie  neutral  persalts  of  mcrcur)'  redden 
litmus  paper. 

Tbe  salts  of  peroxide  of  mercor)'  which  are  insoluble  in 
water,  nearly  all  dissolve  in  acids.  The  presence  of  per- 
oxide uriuiTcur>  in  tbe  acid  suliitiiHi  i.s  best  detected  by  a 
very  frradual  addition  of  liquid  sulphuretted  hydrogen. 
Wlien  a  suall  quantity  of  thi.<i  reai;cn1  is  minified  with  an 
excess  of  a  solution  of  peroxide  of  mercury,  it  priNbices  a 
white  precipitate,  which  remains  a  long  time  in  suspension. 
When  an  exci-.s»  of  liquid  sulphuretted  hydrogen  is  added, 
the  precipitate  becomes  both  blark  and  dense. 

Before  ttie  Blnvpipe,  the  persalls,  like  the  protosalts, 
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arc  redaced  to  metallic  mercury  by  Iwing  treated  with 
soda. 


The  salts  of  peroxide  of  mertTury  can  be  very  eantf 
recoffiii-seil  fmni  tlicir  behiiviour  wilh  Iiydrosiitphuret  of 
ammonin,  or,  as  tbi»  itt  too  ronceiitrated,  Iwttcr  Irum  their 
behaviour  with  ÜLjuid  sulphuroitcd  liydrof.'CD.  In  the  dtr 
way,  the  operator  can  easily  sali»;ry  himself  of  the  presence 
of  mcrcuiy,  by  the  production  of  the  globules  of  tiiiil 
metal. 


f 


The  presence  of  such  orKiiiiic  »ub.stances  as  cannot  Im 
Tolatilized  without  decomposition,  has  a  very  considerable 
indtieiice  orer  (hi?  bi-baviour  of  i^ohitions  of  peroxide  or 
perchloride  of  merfury  towards  rragtiit.s.    This  is  the  case 
even  when  the  solutions  arc  nut  coloured  by  the  «i^:aiuc 
matter.    If,  for  example,  siißar,  or  non-volatile  organir 
acids  be  added  to  a  solution  of  peroxide  of  mercury,  then 
the  solution,  on  bein^  tested  with  uii  excess  of  potash, 
gives  no  prrripilatc  if  but  a  small  quantity  of  peroxide  i>f 
mercury  be  picseut,  or  :i  dirty  yellow  prrcipitatr  if  a  larirr 
quantity  of  peroxide  be  present,    lo  both  cases,  bowt^er, 
the  solution,  after  some  ttino,  dcposilü  a  heavy  black  pre- 
cipitate, which  contains  a  very  large  quantity  of  nictaltie 
mennr)'.     This  blatk  prcripilatc  is  imninliiitcly  produced 
«hen  the  solutioa  is  boiltnl.    Tlie  .same  appeurunres  aiej 
«xhibited  when,  instead  of  potash,  a  solution  of  carbonate  I 
uf  soda  or  of  potash  is  eiiiployiii.    Wilhout  the  addition  of  ] 
an  ulcali,  lite  reduction  to  metallic  mercury  does  not  take] 
place.     Ammonia  pniduccs  in  such  solutions  of  peroxidci 
(if  mercury  a  while   precipitate,    which  cuntinues   while  t 
for  a  long  litne,  and  upon  being  boiled  merely  bltickeiuj 
parliuUy. 

When  solutions  of  peroxide  of  mercury  are  struntrif 
coloured  by  organic  substances  ; — when,  for  example,  ibev 
contain  red  wine,— thi-y  immrdiatcly  produce  with  aol»i 
tionsof  pota-?h,  dark  coloured  pi-ccipitaics  of  various  hnra.-! 
lliese  are  (uracil  black  by  repcisure,  and  still  more  rapidJf  < 
by  boiling.     They  contain  metallic  nu'rcury.     M^bitG  wine; 
containing  a   large  quantity   of  perchloride  of  tnerrurf 
acquires  from  a  solution  of  potash,  a  brownish  red  colour. 
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but  aflbnts  no  immediate  precipitate.  After  some  (inir, 
however,  or  more  spo(>iJily  il'lMiiled,  this  .Solution  produces 
a  dirty  bmwnuih  red,  and  floally  a  grey  precipitate. 

When  hydrosulphurcl  »if  ammoni».  or  liquid  sulphuretted 
hydrogMi,  i.i  added  in  c\«e.s.s  to  solutinn»  of  mercury  whirh 
conuin  murh  organic  matter,  a  precipitate  of  sulphnret  of 
mcrirury-  is  produced;  but  wheu  tbc  solutidiis  are  slrviigly 
coloured,  the  prrripitiite  is  coiumouly  dilficult  to  be  seen. 
That  it  may  l>e  dtflt-rmined  with  (Tflainty,  vlietlier  the 
precipitated  sulphoret  contuin»  inercur>-,  it  miu'^t  Uo  fil- 
tered, dried,  mingled  with  soda  in  a  little  glass  tube  closed 
at  one  end,  and  heated  beforL'  the  hUiupipe.  If  niervury 
Ik  pre:ieiit.  it  is  reduced  and  .sublimed.  But  as  the  pt-esence 
of  cerlai»  ontanic  &ubstHm-rj4  lins  the  effect  of  making  the 
sulphurct  of  mercury  remain  a  %-fry  lonjr  lime  in  suspen- 
sion ill  the  BoIiHion,  and  frequently  of  partly  or  totally 
preventing  its  fillratiou,  the  operator  mu<tt  employ  sulphu- 
retted hydro:£:en  as  the  pn-cipilani,  only  when  the  quantity 
of  mrrcury  is  very  roiisidcrablr.  To  detect  a  very  »mall 
quantity  of  mercury  iu  such  «olulion»,  it  is  bc«t  to  employ 
blank  copperplate.  This  is  placed  in  the  solutionN,  which 
must  either  be  neutral  or  not  too  strongly  acid;  though, 
imlecd>  the  mercury  can  be  precipitated  by  copper,  even 
from  an  alcaline  solution.  The  prctipitalion  is  also  thus 
effected,  even  when  the  solution  is  very  deeply  coloured 
and  contains  organic  suhslances  uf  every  description.  The 
copper,  after  some  time,  acquires  a  grey  coating,  if  the 
solution  contain  the  slightest  trace»  uf  mercury.  Tbegrey 
coating,  on  being  rtihbfHJ  »itii  paper,  givcts  a  »ilvery 
appearance  to  the  copper,  but  one  nbich  a  ^'ntJe  heat  is 
sufficient  to  drive  away.  When  the  quantity  of  tlie  mer- 
cury in  solution  is  extremely  small,  the  silvery  ajtjiear- 
uncc  produced  upon  the  copper  is  less  distinct,  because  the 
characteriätic  colour  of  the  copper  shines  through  the  thin 
coating  of  mercur}'.  In  this  case,  the  operator  must  heat 
(be  copjier  in  several  spots,  and  thus  restore  its  own  jMim 
colour.  The  slight  silver)'  appearance  on  the  places  which 
have  not  Iwen  heated,  us  then  rendered  more  striking  by 
contrast. 

When  peroxide  of  mercury  is  contained  in  pasty  or  solid 
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arc  redaced  to  metallic  mercury  by  being  trcyited  with 


soda. 


The  »alts  of  peroxide  of  merciiry  can  be  very  easöy 
recownisfil  Iniin  tlifir  bchiivioiir  wiih  liydmsiilphnrct  of 
aiuDionia,  or,  aa  this  is  too  ro  men  (rated,  better  Ironi  their 
behaviour  with  ll^^uid  äiilpliiireitcd  hydro^a.  In  the  dry 
way,  the  operator  can  easily  satisfy  hiiiisell'  of  the  presence 
of  mercury,  by  the  production  of  the  globules  of  thai 
metal. 


The  presence  «f  such  or^ninic  sulistances  as  cannot  I«* 
Tolatilized  without  decomposition,  has  a  very  considerable 
influence  over  the  behaviour  ul'  sohitions  of  peroxide  di 
perchloride  of  wen  iirj-  townrcls  reagciils.  This  is  the  rase 
even  when  the  solutions  are  not  coloured  by  the  oi^anir 
matter.  If,  for  example,  xugur,  or  aon-volatilr  orgWBC 
iieids  be  added  to  a  »solution  of  peroxide  of  mercnry,  then 
the  siiliition,  on  being  lested  with  an  exeestt  of  potash, 
pivrs  HO  preripitate  if  but  a  small  quantity  of  peroxide  of 
mercury  be  piescMit,  or  :i  dirty  yellow  prcripitutr  if  a  lartrr 
quanlily  of  peroxide  be  present.  In  both  cases,  bowcver, 
the  solution,  alter  some  time,  deposits  u  heavy  black  prr- 
cipitate,  which  contains  a  very  large  quantity  of  uietullir 
inerrurj'.  This  lilnck  precipitate  is  im  met!  lately  produced 
when  the  soluliun  i»  boib-U.  The  saiuc  ap|M*uruor-es  air 
exhibited  when,  instead  of  potash,  a  Holution  of  carbonate 
of  soda  or  of  potash  is  employed.  Without  the  addition  «>f 
ao  alcali,  tlte  reduction  to  metallic  mercury  dues  not  lakr 
place.  Animoniu  produces  in  such  sotulion«  of  peroxide 
of  mercury  a  white  preci])itate,  wliicli  runtinnes  wlijir 
for  a  lon^  time,  and  upon  belnt;  boiled  merely  blucken« 
partially. 

When  solutions  of  peroxide  of  mercury  are  stroufili 
coloured  by  organic  substances  ; — «  hen,  for  exauipip,  ihe? 
contain  red  wine, — ^they  immediately  produce  wilh  solo- 
tions  of  potash,  dark  coloured  precipitates  of  various  hue*. 
These  are  turueil  black  by  reposure,  and  Mill  more  rapidli 
by  boibng.  They  contain  metallic  mercury.  Whitt«  wine 
containing  a  largo  quantity  of  percfaloridc  of  mercury 
acquire»  from  a  solution  of  potash,  a  brownish  red  coloor. 
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bat  flflbrdg  no  immediate  prt-cipilalc.  After  »onu-  timf, 
bo\»evi>r,  or  mow  spttvlily  il'  IwHwl,  thi.'i  solution  pntduces 
a  dirty  bro»-ni«h  red,  and  finally  b  grey  precipitate. 

When  hydrosulphurrtof  ammonlH,  or  liquid  sulphuretted 
hydrogen,  is  addeil  iu  excess  ti»  siilutimi»  of  mrrnirj-  which 
contain  much  organic  matter,  a  precipitate  of  sulpharet  of 
mercury  Ls  produced;  but  when  the  siilutiiinji  are  stniBfjIy 
coloured,  tJie  prrdpitiile  is  coiomonly  difficult  to  be  seeu. 
That  it  may  be  iletemiimil  with  certainty,  whether  Iho 
precipitated  sulphuret  contiiin»  nittrcury,  it  niiKHt  he  lil- 
tcFed,  dried,  mingled  witJi  soda  in  a  little  glasü  tube  closed 
at  one  end,  and  healed  before  the  hbntpijK.'.  IT  mercury 
be  present,  it  is  reduced  iiod  »ublimed.  But  as  the  presence 
of  certaio  organic  substanccA  has  thv  rßert  of  makin«:  the 
sulphuret  of  mercury  remain  a  very  toui;  time  in  suspea- 
sion  in  the  itnlaiion,  and  frequently  of  partly  or  totally 
prcTenting  idt  fillraitou,  the  operator  muFii  employ  sulphu- 
retleil  liydroseii  as  the  precipitant,  only  when  the  quantity 
of  mercury  is  very  considerable.  To  detect  a  very  Mmni] 
quantity  of  mercury  iu  such  solutions,  it  is  best  to  employ 
blank  copper])late.  This  i«  placed  in  the  solutioTU,  which 
must  either  be  neutral  or  not  loo  strongly  acid;  though, 
indeeil,  the  mercury  can  be  precipitated  by  copj>er,  even 
from  an  alcaline  solution.  Tlir  prtK'ipitation  in  altio  thus 
effected,  even  when  the  solution  is  very  deeply  coloured 
and  containK  orf;anic  substaneeH  of  every  description.  The 
copper,  after  some  lime,  acquires  a  prey  coaliuji,  if  the 
snlution  conlnin  the  slimiest  trace.s  of  mercury.  The  grey 
coatinf:,  on  bein^  ruhbt-d  with  ]Mi|K-r,  gives  a  silvery 
appearance  to  the  copper,  but  one  which  a  ii^ntte  heat  is 
sufiicieni  to  drive  away.  When  the  quantity  «f  tlie  mer- 
cury in  solution  is  extremely  »mall,  the  silvery  appear- 
amr  produced  upon  the  copper  is  less  distinct,  because  the 
charade riAtic  colour  of  the  cop|)er  shines  throagh  the  thin 
coatinj;  of  mercury,  (n  this  case,  the  operator  must  heat 
the  copper  in  .teveral  !>p4ilN,  and  thus  restore  its  own  pure 
colour.  Tlie  stij^ht  silvery  appearance  on  the  places  which 
have  not  been  heated,  is  then  rendered  more  striking  by 
contrast. 

When  |>cro\i<le  of  mercury  is  contained  in  pasty  or  .solid 
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organic  substancts  which  ar«  not  soluble  in  water,  the; 
are,  ifpo-^sible,  to  be  ditiäolveü  iu  auimonia.  The  precipi- 
tate produced  by  nlbtiracn  in  soliitiims  of  peroxide  of 
pcrclilüridü  of  mercury,  is  ia^oEublc  in  water,  but  easilj 
solable  in  ammonia,  or  in  a  solution  of  potash.  The  mer- 
cury can  be  precipitatpd  from  ihi^  ammoniucal  solution  bf 
hydrosulphiiret  «it"  ammonia;  iiut  the  »ulphuret  of  mercBTT  ' 
remains  a  very  lon^  tJtne  stuspciided  in  the  solution  and 
can  scarcely  be  separated  fn>m  it.  Yet  its  separation  is 
absolutely  necoüsnry,  that  it  may  be  exaininetl  for  ntercnry 
before  the  blowpipe.  It  is  iherel'nre  nnirli  beiltT  to  place 
a  blank  copper  plate  iu  the  ainiuoniaatl  solution,  fron 
which,  as  well  as  from  a  neutral  or  slightly  ncid  solution. 
the  toorcury  can  l»e  precipitated  by  this  metal.  The  copper 
acquires  a  |;rey  surface,  wliicli,  on  being  niblKMl  by  paper 
bocontes  bri^'ht  and  silvery.  Even  slight  traces  of  mcrcvry 
can  l>c  thiLs  di:t<H-l<Hl  in  the  ammoniucid  solnti<in.  Ft  i» 
probable  that  the  presence  of  mercury  iu  blood,  sbiiuld  this 
fluid  contain  that  metal,  could  also  be  best  detected  by  thii 
process;  because  all  the  eonstitucnis  of  blood  are  soluble 
in  an  excess  of  ammonia. 

TIk-  ojK-nitnr  must  not  employ  n  solution  of  potash, 
instead  of  auuaonia,  in  tliesc  t-x))eriuirnts.  The  presence 
of  mercury  cannot  l>e  detected  in  a  solution  of  potosb  by 
hydrosulphuret  of  ammonia;  lor  llio  n'sultiug  sulphiiret  of 
mcnur}-  remains  in  .'Solution,  if  a  sufficient  quantity  of 
potash  be  present.  Mercury  can  be  precipitated  fron 
such  a  solution  by  copper  plate,  yet  not  so  dl'rctuaily  ai 
from  an  auimouiacal  solution. 

When  the  mercurial  organic  substuuce  is  soluble  neither 
in  water  nor  in  ammonia,  it  is  customary  to  dii^est  it  with 
nitric  acid,  and  to  seek  for  the  mercury  in  the  nitric  add 
solution.  But  thifi  method  is  ol\en  attended  by  disad- 
vantaees,  paniculurly  when  llic  quantity  of  the  ui^anJc 
KHb.slance  in  ciuisidenible,  and  that  of  the  mercury  tctj 
small.  It  is  Iwtter  in  such  ca-sejc  to  adopt  the  process 
which  follotvs:  The  dry  .substance  is  mingled  witb  about 
tiirce  or  four  times  its  wei}:ht  of  carbonate  of  soda  or  car- 
bonate of  potash,  and  the  mixture  is  placed  in  a  n-tort 
which  is  larRe  enough  lo  contain  four  times  as  much  as 
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thelialk  i»f  llit-  niixtiirp.  A  siiliicK-nt  tiuuutilv  Of  water  is 
the»  addf^il  to  nmko  the  ubolc  into  a  pnsie,  iiad  ihr^  rt>(ort 
is  shaken  (ill  ihe  dry  subslauce  is  properly  tninfcled  with 
tbf  nuter.  If  t)it>  suii-ttancv  for  fxaminntlon  is  nf  u  pasty 
rynsisirncc,  it  must  Iw  minijlfd  with  carbonale  of  .s<Kla  iiiiil 
(Ilea  dried  at  a  very  gentle  heat,  that  it  may  Iic  hroupht 
ioto  a  fit  state  to  be  inÄcrtcd  into  the  retort.  Th«  nerk  of 
th(?  retort  is  then  connected,  hy  means  of  a  cork,  with  a 
receiver,  but  the  juncture  miist  not  be  ijuite  airtight.  The 
retort  is  then  ^adually  heated,  and  the  heat  is  iniTcaäod 
till  the  bottom  of  the  retort  becomes  red  hot.— When  the 
iioantity  of  tJie  substance  lor  examination  is  inconsider- 
able, so  that  tlie  operation  can  be  porlormeil  in  a  small 
retort,  the  heat  can  be  best  applied  by  the  flame  of  ti  spirit 
lamp  with  circular  wick  ;  bnt  ivhcn  the  qniinlily  is  large, 
it  is  nrccKMurj-,  of  cuiirse,  to  employ  a  rhunroal  tire.  The 
mass  in  tlic  retort  commonly  swells  up  verj-  much,  and  the 
o[)erBtor  niUüi  take  ^rtm\  care  that  it  does  not  riso  into  the 
neck.  After  the  cooling  of  the  apparatus,  the  neck  of  the 
retort  i»  broken  off  by  the  application  of  a  hot  coal,  doge 
to  Ihr  btMly ;  the  neck  is  afterwards  split  lon^tiidiimlly, 
also  by  applying  a  hot  coal.  Tbe  interior  ot  the  neck  is 
found  to  t>e  covered  with  a  glutinous  bro«Ti  cmpjTCumntic 
oil,  and  Hi  Rbout  un  inch  from  the  body  of  the  retort,  a 
qiiuDtity  of  minute  globules  of  menniry  are  observable. 
The  existence  of  these  mercurial  globules  is  dcmnnstmt^-d 
nitb  most  certtiiuty,  by  rubbiat;  the  tinker  on  tlif  place 
where  they  appear  to  be  li\ed,  and  tlien  examining  the 
substance  which  is  tran.sferred  to  tbe  linger.  Tbe  i;lobules 
of  mercury  ran  easily  Im-  recognised  upon  tbe  finger,  by  the 
unassisted  rye,  or  slill  iH'lter  when  a  lens  is  employed.  It 
18  necessary  to  remove  the  globules  from  the  ^lass  ptior  to 
examination,  lest  the  eye  should  lie  deceived ;  lor  small  air 
bubbles  fixed  in  the  {{lutinoii»;  oil  on  (he  glajis  can  easily  bo 
mistaken  lor  globules  of  mercury. — When  theonjanirsul)- 
stancc  contained  but  a  hmall  quantity  of  mercury,  tbe 
whole  of  the  latter  remuins  in  the  niM'k  of  the  retort,  and 
noue  passes  with  tbe  empyreuinatic  oil  into  tile  receiver. 
When  no  globules  of  mercury  have  been  produced  by  this 
experiment,  (lie  operator  may  digest  the  oil  which  is  in  (hu 
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ivceErer,  toj^etlier  with  tliat  which  remains  in  the  broken 
neck  of  die  retort,  in  nitric  acid,  and  test  the  nitric  acid 
solution  lor  mereiiry.  M'b<'ii,  however,  the  preceding  ope- 
ration has  been  conducted  with  ^n^at  care,  and  no  mercurr 
is  deposited  iu  the  neck  of  the  retort,  it  h  seldom  tb&t  it* 
presence  can  lie  detected  in  tlic  nitric  ncid  solution. 

I  XXVI.    OXIDE  OF  PLATINUM. 

Oxide  ul'  platinum,  in  a  fltiitc  of  purity,  ncTer  occurs  in 
anulyses.  Its  li\drute  is  a  yellow  pouder,  which  on  bein^ 
beuted  tiiniK  dark  brown  or  nearly  black,  and  disenga^ 
ivater.  Wben  mure  xtniii^Iy  hruted,  it  ytddte  oxygen  pa, 
and  is  reduced  to  mctiJIic  philinuui. — The  chloride  wbirli 
correspundü  to  iLe  oxide  l'unu!<  a  dark  redOirih  browii  saliiK 
mass,  which  on  being  heated  at  uliutit  the  temperature  of 
melting  lead,  is  reduced  to  sulxhtoride  of  platinum,  and 
upon  hcinii;  stül  more  powerl'nlly  heated,  is  reduced  lo 
uetaJlic  platinum;  while  in  both  casuu,  chlorine  gaa  is 
disenKaiced.  Wben  the  chloride  i^  heate<l  les^  powerfully 
than  is  neecHKary  In  euiivert  it  entirely  into  KiilM'bloride, 
it  aflenvanis  dissolve«  completely  in  water,  prmliicii^  n 
brown  solution  of  so  dark  a  colour  as  to  appt-ur  opaque. 
Accordin<i  to  Mack  us,  this  solutiun  contains  äubchloridc 
of  plulinuiu  dissolved  in  chloride  of  platinum. 

The  chloride  of  platinum  dissolves  iu  water  nnd  in  ulco- 
bol,  producing  a  dark  hrnwn  solution.  The  aqueous  .•win- 
lion  hi-havcK  towards  reagents  like  tlie  .solution  uf  platioam 
in  u(|uu  re>;ia,  \Nhich  contains  chloride  of  platinum. 

A  solution  of  PoifuA  proiluces  a  yellow  prixipitatc  of 
chloride  of  ]>otas.-iitin:i  and  platinum,  particularly  when 
muriatic  arid  is  added,  lu  conviTt  the  puta^ib  iui«>  cliloride 
of  potassium.  The  precipitate  ix  not  sensibly  soluble  iu 
free  acids,  but  il  dissolves  when  heated  in  an  excess  of 
potash,  and  doe.*)  not  ngiiin  preripitatc  when  the  liquid  is 
cold.  When,  however,  the  solution  is  supersaturated  by 
muriatic  acid,  the  pi-wipitate  reappears. 

Ammuiila  produces  in  HuUitiuns  of  chloride  of  platinum, 
a  yellow  precipitate  similar  to  that  produce<l  by  putasb. 
particularly  when  muriatic  acid  is  added  to  conTcri  the 
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ammonia  inio  muriate  of  ammonia.  This  yellow  precipi- 
iHtc:  is  insoluble  in  free  acids,  hut  it  dissolves  when  heated 
in  an  excels  of  »mmonia,  and  when  Ih«  rcAuliin^  solution 
is  supcHUluratcd  by  muriatic  »cid,  a  while  precipitate  is 
produced. 

A  :«oIuliou  of  Carbonate  of  Poiash  pntducfK  in  soliiiions 
of  chloride  of  platinum  a  yellow  prt-cipitate  of  chloride  of 
potassium  and  platinum,  particularly  wheu  muriatic  acid 
is  added  to  convert  the  potash  into  chloride  of  potassium. 
Thi.<t  prtripitate  doe«  not  dissolve  on  being  heated  iu  an 
excess  of  carixiuatr  of  [Kttnsh. 

A  solution  of  Bicarbonate  of  Potash  bcbiives  in  tile  same 

■tanner. 

A  itolution  of  Carbonate  of  Soda  occasions  do  precipita- 
tion. 

A  fiotutiou  of  Carbonate  of  ammonia  behaves  towards 
solutions  of  chloride  of  platinum,  in  tlie  same  manner  as  u 
solution  of  carfaonalc  of  potash. 

A  solution  of  Pfimphatf  of  Soda  produces  no  precipitate 
in  .•iiilutions  ofrhloride  of  platinum. 

A  solution  of  Osalic  Acid  produces  no  precipitate  in 
solutions  of  chloride  of  platinum. 

A  solution  of  Pnuxiiile  of  Putask  pnidurcs  in  solutions 
of  cbloL*idc  of  ptatinum,  a  precipitate  of  chloride  of  potas- 
sium and  platinum,  while  the  solution  l>ccomeä  somewhat 
darker  in  colour. 

A  solution  of  /ted  Prutsiate  of  Potash  behaves  in  the 
same  maimer  as  the  solution  of  prusaiate  of  potash. 

A  solution  of  Cyonvrrt  of  Mcrcurtj  produces  no  prccipi- 
pitate  in  solutions  of  chloride  of  platinuni. 

A  solution  of  Protonitrate  of  Afercurif  \mx\uccs  in  solu- 
tions of  chloride  of  platinum  a  considerable  yelloviisb  red 
precipitate. 

A  solution  of  Protosvlpbate  of  iron  produces  no  precipi- 
tate in  solutions  of  chloride  of  platinum. 

Prolocliluride  of  Tin  ctmununicatt's  to  .soluliims  of  chlo- 
ride of  platinum  a  deep  reddish  brown  colour,  without 
producine  a  precipitate. 

A  solution  of  Jodide  of  Potassium  co|nmunicates  to  solu< 
tions  of  chloride  of  platinum  a  deep  reddish  brown  colour. 
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and  produces  a  brown  procipitale,  but  of  a  lighter  colour 
than  the  solation.  If  the  solution  is  exposed  to  lical,  tbe 
gliiiHi  acqtiirr.s  a  mctullir  coating. 

Liquid  SulpAoreticd  Hydrogen,  or  a  carrent  of  SaipAv 
rellnl  Iltfdrijgm  Gag,  produces  in  acid  and  neutral  solutioiu 
of  chloride  of  platinum,  at  ßml  merely  a  change  of  tbe 
colour  to  lirowii,  but  nftvr  soiqc  time  a  brown  precipitate, 
which  upon  subsiding  appears  black. 

Hr/dromlphurrt  of  Ammonia  prodnrrcs  in  sirliitlons  of 
chloride  of  platinum  u  hmwnish  black  precipitate,  which 
dissolves  in  a  pretty  laree  excess  of  the  precipilanl.  The 
solution  has  a  deep  rcdditib  bniwn  colour. 

A  bar  of  Metallic  Zinc  precipitates  platinum  from  iu 
sohitions,  in  the  state  of  a  black  metallic  powder, 

The  compoundü  of  oxido  and  cbloridc  of  platinum  an 
decomposed  by  i^ition.  They  leave  nielnllic  platinuni, 
while  the  ncid,  if  it  he  vohitite.  Hies  off  in  the  jfiiseous  Mtal« 
with  llie  oxiigcn  or  ibi-  clilrtrim-  of  the  couipomul.  \(  the 
compound  of  cbloridc  of  platinum  contain  a  metulltc  chlo- 
ride, both  non-volatile  and  indecomposable  by  heat,  tbca 
tbe  latter  remains  behind  after  the  ignition,  mingled  viitli 
finely  divided  ])latinHm. 

Solutions  of  tbe  compounds  of  oxide  of  platinum  redden 
litmus  paper;  but  solutions  of  the  compounds  iif  oliloritle 
of  platitjum  leave  the  blue  litmus  paper  unctianErtrd. 

The  compounds  of  platinum  whieb  are  insoluble  in  water 
must  be  ignited.  The  oxide  or  chloride  is  then  reduced  to 
mrtallic  plnttnum,  which  can  be  dissolved  in  aqiiti  regia. 
It  i-s  then  easy  to  detect  the  presence  of  platinum  io  tbe 
acid  solution.s,  by  means  of  tbe  ubovc-citcd  rcaf^enl.s. 

Before  tJie  Bloinpipf,  the  compounds  of  platinum  are 
completely  reduced,  and  communicate  no  colour  to  the 
fluxes. 


The  compounds  of  oxide  and  chloride  of  platinum  are 
very  easily  distiatrnished  by  the  preripitntca  which  their 
solutions  produce  Hilh  jtotasb  and  ammonia.  Tlicy  are 
distinguished  by  this  character  from  all  otJier  üubstanees. 
When  the  eolation  of  platinum  is  acid,  it  is  only  necegaiy 
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(o  add  pDie  or  carbonated  pmta^h  or  ammonia,  to  produce 
tbo  ycUow  prccipitute.  Wticn  llic  solution  is  neutral,  it  ia 
necessary  either  to  add  a  concentrated  solution  of  chloride 
of  potaNsiuni  or  muriate  of  ammonia,  or  when  rarbonatcd 
ntcalie»  are  emplojed^  to  acidulate  the  »utution  with 
muriatic  ticid. 


The  presonco  of  non-volatile  organic  substances  in  the 
solution  of  platinHm,  if  they  are  not  in  toolar^ea  quantity, 
dors  mit  pn^vcnt  the  production  of  the  yellow  precipitate 
by  pota.sh.  But  when  tim  lai^c  a  quantity  of  or¥:anic 
matter  is  present,  the  nddition  of  potash  causes  the  solu- 
tion, Hlller  Kome  exposure,  to  lK>conie  quite  black,  ko  thnt 
the  pruductiori  of  ihc  yellow  chloride  of  potassiunj  aud 
platinum  cannot  be  distinctly  observed.  If  the  solution  of 
a  compoumi  of  chloride  uf  plfitinum  is  mixed  uith  alcohol 
and  exposed  to  a  proIoni;ei:1  di^iestion  at  a  treiitle  heat, 
uatil  the  ulcubnl  is  almost  entin?ly  expelled,  the  resulting 
aqueouH  solution,  ujKin  l>eiu^  mingled  with  a  «olulion  of 
cyanurct  of  mercury.  iilTurds  a  white  precipitate,  if  not 
immediately,  yet  after  some  delay.  The  quuuiity  of  this 
precipitate  is  increased,  wfacu  the  whole  is  allowed  to 
repose.  Ah  solutions  of  platinum  which  «re  frev  from 
organic  matter  produce  no  precipimte  with  cyanuret  of 
iDeTrury,  it  is  possible  to  mistake  an  impure  solution  of 
platinum  for  n  solution  uf  palladium  ;  but  whrti  the  preci- 
pitate of  platinum  is  dried  nnd  ifi^iilcd,  it  is  converted  into 
metallic  plat  inmn,  which,  on  being  diKmlved  in  aqua  regia, 
and  tested  by  the  usual  reagents,  can  be  recognised  with 
facility. 


XXVII.    OXIDES  OP  GOLD. 

a.  SuBoxtOE  OF*  Gold. 

The  suboxide  of  gold  is  prepared  from  the  corresponding 
subchloride,  by  means  of  a  solution  of  potash;  but  its 
existence  is  of  short  duration,  for  it  speedily  falls  into 
metallic  gold  aud  o.vidc  of  gold.    The  subcJilohde  of  gold 
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131,  in  ft  .litnilar  manner,  derumpused  by  water  into  metallic 
gold  and  L'hluriile  of  gold. 


b.  Oxide  of  Gold. 

The  hydrate  of  the  oxide  of  gold  is  yellowish-browa 
WheiUhc  oxide  of  gold  is  [»rctipitated  from  llie  NtilutioDof 
ctUoridc  of  gold  l>y  a  ba»c,  it  always  contains  a.  portion  of 
the  base  employed  as  the  prccipilani.  It  is  decomposed bt 
i^ition,  into  metidlic  gold  and  oxygen  g'as.  The  cbloridr 
which  i:orre.spoiids  tu  tlic  oxide  is  contuiiu'd  in  the  soliitioa 
of  gold  ill  aqua  regia.  Wben  healed  at  the  temperature  of 
melting  tin,  it  i^  coDvcrted  into  tsiibchlohde ;  ^v  hen  healed 
more  powerfully,  it  is  convened  into  iiielalliv  gold. 

A  solution  of  Pofash,  added  in  excess  to  a  solution  of 
cidoridc  of  gold,  [midiirct  at  first  no  precipitate;  aAer 
some  time,  the  sulutiou  acquirrs  a  gR^ciii:ih  colour,  ui 
deposits  an  inconsiderable  black  precipitate. 

jtinmunia  produecti  In  üuliiiiün.t  of  chloride  of  ffold,  I 
yellow  profipitate. 

A  solution  of  <V/rAow(i/#  of  Potash  produces  no  precipi- 
tate in  solutioiiit  of  chloride  of  gold. 

A  Solution  of  BicarboHatc  of  Potaah  produces  no   pTCCl- 

tate. 

A  solution  of  Carbonate  of  Ammonia  produces  in  neutial 
solutions  of  chloride  of  gold,  a  yellow  precipitate,  ander 
disengagement  of  carbonic  acid  gas, 

A  solution  oi  Phosphate  of  ^oda  produces  no  precipitalr. 

A  solution  of  Oxalic  Acid  prochices  in  solutions  of  chlo- 
ride of  gold,  a  dark  green  Is  h-blauk  colour,  uliich  iit  owiij 
to  the  presence  of  oictallic  gold.  After  some  time,  tht 
mctJÜlic  gold  liubsidcs.  When  the  Solution  is  heutcd,  ifais 
change  takes  place  more  rapidly,  and  under  diäcn^ageincol 
of  carbonic  arid  ga». 

A  soluliun  of  Prussinte  of  Potash  communicate^  Co  SON- 
lions  of  tldoride  of  gold,  an  emerald-green  ctdour. 

A  solution  of  Hed  Prassiate  vf  Potusb  produ^Tes  no  pr«d- 
pitatc. 
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A  Malntion  of  C^aurcl  of  Mercury  produ<!i'S  no  precipi- 
tate in  the  solution  of  chloride  ol'  Rold. 

A  solution  of  Protanifrnte  of  Merctiry  imin(>«liiit(<ly  pri>- 
daces  »  hlack  precipitate  in  tlic  sulution  ol'  cUluriile  of 
gold. 

A  solution  of  ProtofuJphate  of  TroR  pnidiicci  in  very 
dilute  !<4tliili»n.s  «if  rhturide  of  gold,  first  a  Idue  roloiirinir, 
and  llivrcaltcr  a  precipitate  of  bron-D-coloured  metallic 
^otd.  The  :«oltitiuii  nf  proto.<>iilplintc  of  iruii  pruduce«  a 
dark  brown  precipitate  of  metallic  trold  inimedialelj,  when 
the  E:oId  solution  is  not  too  dilute. 

A  solution  of  ProtAfklnr'uif  of  Tin,  10  which  so  much 
marintir  acid  hits  hecii  added  that  it  ha.i  bpcomo  clear, 
roratnitnlrMles  to  the  most  diluted  solution  of  chloride  of 
g^old,  u  rcddish*purple colour:  in  concenlrntrd  äolution^  of 
gold,  this  reajrrnt  produces  a  dark  reddish-purple  precipi- 
tate, which  is  insoluble  in  free  murintie  acid. 

A  solution  of  Iodide  of  Potassium  cummnnicates  a  black 
colour  If)  ]M>liitious  of  chloride  of  f;old:  subiiequcntly.  a 
yetlonish -green  precipitate  HubKidc».  leading:  free  iodine 
dissolved  in  the  solution. 

Hydrosttlphuret  of  Ammonia  produreitin  neutral  solutions 
of  chloride  of  ^old,  a  dark  hnmn  precipitate,  which  com- 
pletely rrdi-Molvi-s  in  an  excess  of  the  precipitant. 

Li/piitl  Sulphuretted  ffydroijen,  or  a  current  of  Sutpkuretltd 
Hyär«g^  Gau,  produces  in  neutral  and  acid  solutions  of 
chloride  of  gold,  a  black  precipitate. 

A  bar  of  MetaUic  Zinc  pretripitatcs  gok!  frora  its  solu- 
tions, in  the  metallic  slate,  and  in  the  furm  of  a  brown 
bulky  coating. 

Tlie  conipounds  of  gold  are  decomposed  when  healed  to 
redness,  the  metal  1»eing  reduced. 

The  neutral  .solution  of  fculd  ntlden.s  litmus  paper. 


Solation.o  of  gold  arc  easily  reco^ised  from  their  beha- 
viour towards  solutions  of  protosulphate  of  irou,  of  oxalic 
acid,  and  ni  protochloridc  uf  tin. 
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Orgauic  gubslauces  havr  tlic  ]>roperty  of  decoinpogiiiii 
the  compouiids  of  u:oli],  and  of  prt'cipilaliiiR  that  metal  ii 
the  regiilinr  state,  from  its  solutions.  The  rtHliictlan  <tf 
gold  is  effected  more  rapidly  by  somt  organic  sabstanoH 
than  by  others. 


XXVIII.    OXIDES  OF  TIN. 

o.  Protoxidr  OP  Tin. 

Pur«  protoxide  of  tin  in  a  grcyisb-blurk  |K>wder,  wt 
on  being  brought  into  contact  »ith  i^iled  bodies,  in  llwi 
open  air,  takes  tirt-,  and  hccomrs  «xidisixl  inti)  peroxide«'] 
till.     The  liydnite  of  the  protoxide  is  white,  and  is  mon 
cajsily  soluble  in  acids  than  the  protoxide  itself  in,  aJtn ! 
having  been  i;;uitcd  in  closed  vc^seU.     The  protiH-bloriöe 
of  tin,  whirb  corresponds  tu  the  protoxide  nf  tin,  does  oM 
dissolve  in  water,  without  undi-rguiui;  dci^uuipusltioD.    Il 
fonns  u  milky  Holuliou,  in  conaequvace  of  the    pcodac- 
tioD  of  an  in.soluble  compound  of  protocbloridv  wiüt  piot- 
oxide. 

The  Kolutiuns  of  protoxide  of  tin  in  acids,  und  of  pra- ' 
tocliloride  of  tiu  in  water,  acidulated  by  a   qtianlity  i^l 
muriatic  acid  sciHicient  to  render  it  clear,  l>chave  towarll 
reagents  m  fuiluws: 

A  jtohition  of  Potash  produces  a  white  precipitate,  whict 
diüiiulvi-.s  in  im  excess  uf  the  preci|)ituni.  TUi>  solulioc 
after  some  reposure,  but  more  rapidly  when  tioiled,  !■' 
decomposed  in  such  a  manner  as  to  product?  mrtnllic  tin  in 
black  powder,  and  a  soluble  compound  of  perox.idc  of  Ua 
with  potJi!*h. 

Ammnnia  produces,  in  Kolutions  uf  protoxide  of  tlB,  l 
white  precipitate,  which  Lt  lusoluble  in  an  uxt^ss  of  ait- 
monia. 

A  solution  of  Carbonate  of  Pctaeft  produeea,  in  Kolutiouj 
of  protoxide  of  tin,  h  white  precipitate,  which  is  insolnliie  ' 
in  an  excess  of  the  precipitant. 

A  solution  of  Bicarbonate  of  Potiuh  ttct»  in  the  saacl 
manner. 

A  solution  of  Carbonate  cf  Ammonia  produces,  in  «li-| 
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tions  of  protoxide  of  tin,  n  white  precipitate,  which  is 
iosoluble  io  an  excess  »f  caHionatc  of  aiumonia. 

A  sohilion  of  P/ioap/mte  of  Soda  producer,  in  »ollltions  of 
protoxiclr  of  tin,  a  wbilr  prtn-ipitute. 

A  soluiion  otOxaiie  Jcid  produces,  in  solutions  of  prot- 
oxidf  (if  tin,  a  while  preripilale. 

A  .-uilutiDii  iif  Prussmtt  of  Potaxfi  produces,  in  solutions 
of  protoxide  of  tin,  a  white  ^latinous  precipitate. 

A  Ncilution  «r  Red  Prussiate  of  Potatk  aflonls  a  wbite 
precipitate,  which  is  soluble  in  free  oiuhatic  acid. 

Hydrasvlpharet  of  Jmmunia  produces,  in  KOliilions  of 
protoxide  of  tin,  a  brown  precipitate,  which  a  very  ^reat 
excetM  of  (he  piecipitaiit  redissolve.-*,  esiM-cially  when  this 
precipitant  possesses  n  yellow  colour,  (Hcasiooed  by  its 
coutaiiiiiie  an  exccä»  of  .sulphur.  Muriatic  acid,  added  in 
excess  to  the  sulphuretted  solution,  produces  a  yellow 
prrcipiliite. 

Lit/uid  Sulpiivrettfd  Uffdrotfeu,OTA  currvulaf  Sulpbttretted 
Ittfdrogai  Gas  produces,  in  neutral  and  acid  solutions  of 
protoxide  of  tin,  a  dark  brown  pn-cipitatc. 

A  iKtr  of  MftnUic  Zinc  precipitates  tin  from  the  solutions 
of  its  protosalts,  in  tlie  metallic  tttate,  and  in  the  furm  of 
small  irreyish-while  »panties. 

A  .-«uluttou  of  Iodide  uf  Potojaium  produces,  in  stilutions 
of  protoxide  of  tin,  a  fiocculcnt  precipitate,  the  colour  of 
which  is  white,  sU§:htly  inclining  to  yellowish.  After  a 
short  time,  aJid  when  the  solution  is  at  a  certain  decree  of 
concentration,  the  colour  becomes  cinnnhur  red.  A  {rreat 
excess  of  imlide  of  pota«siuiD  disaoke-s  this  precipitate. 

The  »alts  of  protoxide  of  tin  are  decomposed  when 
heated  Ici  redneüs  in  contact  with  the  air. — Their  solutions 
redden  litniUK  pa|H-r. 

The  salts  of  protoxide  of  tin  which  are  insoluble  in  water, 
nearly  nil  disMilve  in  muriulic  acid,  unless  Ihey  have  lu^n 
exposed  to  igiiiUon.  The  presence  of  the  protoxide  of  tin 
in  the  resultiDg  acid  .solution,  is  detected  either  by  liquid 
sulphuretted  hydrogen,  or  by  a  solution  of  gold. 

Before  the  Blowpipe,  the  tin,  in  the  protosalis  of  tin,  is 
cosily  reduced,  llie  salts  an'^  mingled  with  soda,  and 
heated  on  charcoal,  in  the  inner  Uame.     The  reduced 
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metallic  globule  ran  be  recoj^Diseit  as  tia,  I>y  its  allowing 
itself  to  be  Halienftl  by  the  haiumcr.  »iid  by  its  {KMBcannp 
the  pnn-cr,  when  added  to  a  bend  formed  of  mif^rocosaic 
salt  and  copprr,  of  depriving  Iho  bead  of  its  green  cokraz, 
and  of  rendorinir  it  opaque  and  brownisb-re<l.  (Bbrze> 
LIDB:  Ueher  die  AawentUmg  des  Luthrohm,  p. 97.) 


Solutions  of  protii\ide  of  tin  arc  ver>'  rasily  known  bj 
their  behaviour  with  solution  of  gold  (page  141}. 


Tli4>  presence  of  non-volatile  organic  subslauces  ru 
sometimes  prevent  the  precipitation  of  protoxide  of  tin  by 
alcalies. 


ft.    PkHOXIDK  OFTrN. 

Pure  peroxide  of  tin  has,  after  i<Tt)ltion,    a   white  «r 
yellowish  colour.     The  peroxide  of  tin  which   occurs  ii 
nature,  commonly  poiisouc»  a  dark  colour,  in  conReqnenn 
of  the  presence  of  um-^scutial  constituenls.     Iji^Dited  prr- 
o^ide  of  tin  is  completely  iimolubic  in  acidii,  and  can  otit| 
be  brouj^ht  into  a  »oluble  stale,  by  lieing  fus4'd  with  ear- 1 
bonale  of  ])ota»b  or  of  soda.    M'hen  pure,  it  is  infuKiblcl 
by  heal,  unless  the  heat  be  exceedingly  powerful ;  but  it 
readily  fiiscä  »ith  ba.sio  subslnncca  to  an  cntunrl. — Uni 
liydrate  which  i«  pmduced  l)y  treatinc  metallic    tin  wilhv 
nitric  acid,  is  white,  and  in  almost  all  acids,  is  either  quiM  i 
insoluble,  or  but  very  sparingly  soluble.     The  hydrate  rf  I 
peroxide  of  tin,  prepared  by  precipitating  a  solution  c^| 
perchloride  of  tin  hy  ammonia,  is,  on  iheeontrary,  solal4« 
in  arids.   The  solutions  of  peroxide  of  tin  behave  tuwafdt  \ 
reaj^enbi  ax  follows : 

A  solution  üi  Putmh  produces,  in  solutions  of  the  sail» 
of  peroxide  of  tin,  a  white  precipitate,  which  is  solubl«  IB 
an  excess  of  the  precipitant. 

Jmmomn  produces,  in  solutions  of  salts  of  peroxide  rf  ■ 
tin,  a  white  preri|>itale,  which  is  completely  soluble  ia  k 
great  cxcww  of  ammonia. 


rKROXIDB  OF  TIN. 
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A  <to1iition  of  Cfirlnmafr  of  Pntnsh  jirodiiccs  ia  neatral 
solutiituH  oflbfi  SfU(K  »r  iMToxidf  of  tin,  under  disnMtikgt- 
ment  of  carbonic  acid  gas,  a  white  prccipitnte,  nbicb  is 
romplelel V  S4>Iiible  in  an  excoss  of  carbnnate  nf  jHttash. 
This  solution,  bowevtr,  after  some  re|>osurrjagiiin  ilfpi).sii.4 
a  whitr  prrcipitace. 

A  solution  of  Binirbonate  of  Potusk  produce.«,  under 
disenga^mcnt  of  carbonic  acid  gas,  a  uhiie  prccipitnte, 
whicb  dops  not  rcdissoke  in  »n  excess  of  the  precipitant. 

A  .tolutiitn  ofCarhniMtn  of  Ammonia  Iwhav««  in  tli«  samo 
maiim-r. 

A  solution  of  PhotphaU  of  Soda  produces  in  soluHoits 
ofpiToxide  of  tin,  a  «bite  precipitate. 

A  solution  or  Oxalic  Arid  prodaccR  in  solutiooK  of  per- 
oxide  of  tin,  no  precipitate. 

A  solution  of  Prussialr  of  Potash  prmluccs  in  solutiona 
of  )>entiilt!i  of  tin,  no  immediate  prccipifiitc.  After  somr-- 
time,  a  white  troubUn)^  is  visible,  mid  wben  the  mixture 
has  reposed  atill  lon)E«^r,  the  whole  cünf^cals  to  a  thick, 
stilT,  yellowish  jelly,  xvhich  is  iiisohiblc  in  muriatic  acid. 
In  dilnird  .solutions  of  the  persait»  of  tin.  »  solution  of 
pni.vsiiitr  of  potash  doc^  not  produce  tbc  jelly  till  nfli-r  ii 
much  hmser  time. 

A  solution  of  li^  PrHtxiat^  of  Potash  ]>roduccs  in  -lohi- 
tionx  of  |iersal(!t  of  tin,  no  precipitate. 

IlildrtaulpkHTtt  of  Ammimifi  \noAiic«»  in  neutral  üolatlnns 
of  peroxide  of  tin,  a  yellow  preiipitate,  which  completely 
rcdis.'iolve«  in  «n  execs»  of  the  precipitiuii. 

IJifvid  Ship/iMTftted  Hydrogtn^  or  a  current  o(  StttpAnrfttfit 
ffi/ilrof/en  Giiit  pnKluces  in  neutral  or  Hcid  snlulions  of 
peroA.ide  of  tin,  nii  inimedi.ite  precipitate  After  .some 
time  a  yellow  precipitate  i»  formed,  the  (|uantity  of  which 
iurrcoscfi  on  longer  reposure.  Thi.H  yellow  preeipitute 
»ppearssooncr,  when  a  solution  of  peroxide  of  tin  ts  Iwiiod 
with  liquid  liulphuretled  hydrogen. 

A  barnf  .W*'/«Wif  ^inc  produces  in  solutions  of  the  per- 
juills  of  tin,  under  diseB^a^emeut  of  hydro^'n  jra.«  a  wliitc 
gelatinous  precipitate,  which  is  jHToxide  of  (in. 

A  solution  ofloiiifle  0f  Pot/igifiviH  produces  no  precipitate 
in  sohiiioii«  of  peroxide  of  tin. 

PART  I.  I. 


IM  ACTION  OP  RBACBNTS  ON 

The  salts  of  peroxide  «f  tin  are  decomposed  when  haUei 
to  ivdness.— Their  (tolmioojt  rHden  li(mu)»  paper. 


Tho  compounds  of  peroxide  of  tin  which  are  insolublrnr 
water,  tin;  (prpvious  to  ignition)  solnlilc  in  muriatic  arid. 
Tbo  presence  of  peroxide  of  tin  i»  tlir  acid  mlution,  it 
host  (Icttrctvd  by  Ihi:  yrllow  prccipitalc  produced  by  ioJ- 
phurettcd  hydrogen  gas,  wbicli  precipitate  is  insoluble  i| 
hyilroHuI|iliurRt  of  ammtinia.  Whcii  the  com|iound  ofpri^J 
oxide  of  till  lias  liei-n  isjiiitL'd,  and  by  that  means  renii 
insoluble  in  muriatic  acid,  it  must  be  iuacd  in  a  plE 
crucible,  nitb  twice  or  thrice  itd  weight  of  dr)-  rorbonatci 
potash  or  carbonate  of  soda ;  after  which,  the  fused 
run  be  dis-soked  in  diluted  miiriatie  ;ii-id,  and  the  presCK« 
of  jwroxide  of  tin  can  hu  dete<:ted  in  the  acid  KolutioB,  It 
the  manner  describetl  above.— It  will  be  understood.  c(^ 
course,  that  this  anuly^sis  can  l>c  of  use  only  uliea 
peroxide  of  tin  in  combined  with  an  Acid  which  cannot  I 
precipitated  by  sulphuretted  hydro^fen  ^s. —  It  is 
however,  to  detect  the  presence  of  peroxide  of  tin  in  tti 
in.solnhIc  compmindü.  by  an  exiH'riracnt  with  the  bloi' 
pipe. 

Before  the  Jihiu-j/ipt-,  raetallir  tin  can  be  Al>tAioed 
rodnrtioii,  with  iho  Käme  facüiiy  from  the  perMalts  as  ficB 
the  protosalts  of  tin. 


Solutions  of  pcrsalts  of  tin  can  be  readily  known,  final 
their  behaviour  with  liquid  b'ulpburctted  hydiiigen«  ui 
with  hydro.'tnlpburet  of  ammoniu.     Per.salts  of  tin  arc  bc*i 
discrirainaled  from  salUs  which  contiiiu  arsenic  acid,  lifj 
their  behaviour  before  the  blowpipe. 


The  preRenee  of  non-volatile  organic  sul>!ittuices  c^\ 
often  prevent   the  precipitation  of  peroxide   t>f   tin  W 


aJealie^. 
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XXIX.    PROTOXIDE  OF  ANTIMONY. 


Hie  protoxide  of  anÜDiony,  ia  a  state  of  purity,  in  wliitf. 
When  exposed  to  heat,  it  fuses  to  a  yellow  mass,  which 
on  cooling,  becomes  jn'cyish-whitc  and  crystalliiiu.  Wb«n 
healed  out  of  contact  with  air,  it  can  be  cDiuptcteljr  vola- 
tilized ;  the  siihliinulc  then  obtainrd  is  in  ihe  furin  of 
hrilliant  necdlr-ltirmtrd  cryalalit.  When  heated  in  the 
open  air,  it  gives  out  a  white  smoke,  and  in  partly  con- 
vrrt4>d  into  iintimoiiioiiK  acid.  Tt  in  easily  rüducud  1o 
luelallic  iintiniouy  liy  i^oiitiou  wilb  charcoal.  Ou  beiu^ 
fundi  with  .sulphurct  of  antimony,  it  readily  priKluces  a 
red  üluHs.  It  is  Insoluble  in  nitric  acid,  but  is  dis^lved 
by  muriatic  acid.  The  resulting;  solution  becomes  milky 
on  beinft  dilntod  with  water.  When  a  diluted  acid  bus 
been  uddt^d  to  ihD  milky  solution,  in  i|uuiitity  äutht^icnt  to 
render  it  clear,  the  resulüng  acid  solution  beiiavej)  towards 
rcairents  as  follows: 

A  solution  itfPotosfi  prwiurcs  a  white  precipitntr,  which 
ig  jni^oliiblc  in  an  cxce^«  of  |>olai«h. 

Jmmonin  acts  in  the  KHme  manner. 

A  Moluiion  af  (hrhonate  of  Potash,  Urn  KMiiie. 

A  üoUilioü  af  Biffiritoiiatraf  Pota»l4.  iht-  mudc. 

A  solution  of  i'aritotiate  of  Ammonia,  tite  same. 

A  tMlution  oi  PhotpAate  of  Soda  produces  nldO  a  while 
precipitate. 

A  !»>lution  of  Osatic  And,  the  Hume.  The  two  la^it 
preripitateK,  however,  could  juKt  as  well  lie  produced  by 
thrMTUter  contained  in  the  precipitant^. 

A  »olutioD  of  Pmsgiatt  of  Pntash  prodncen  u  white;  prr- 
t-ipitate,  nbich  i»  insoluble  in  muriatic  acid,  and  therelor« 
not  ocrasioned  merely  by  the  water  of  (h(>  n-ugi-nl. 

A  »oluitou  of  Jitil  Pnmtiale  of  Potuäfi  produce»  no  preci- 
pitnte:  after  some  time,  a  nli^t  opacity  is  visible,  which 
diitappcars  on  the  addition  of  muriatic  acid. 

Uydrotviphitret  of  Jmmtmia  produces  a  red  prrcipitutc, 
which  completely  redistiolves  in  an  excess  of  Ihe  preci- 
pitant. 
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Liipttd  SulphiirtttM  Ht/thvgfn,  or  a  ciirrfint  of  SufpAurvUa 
lli/tlrogtn  Oaa,  prmluces  in  arid  hikI  neutral  •«oluiionsn 
protoxide  of  antimony,  a  rrd  )>m:ipttatc.  If  the  solaliM 
of  protoxide  of  aulimoiiy  is  neutruJ,  the  sulphiiretttd 
liydroffon  fras  produce»  a(  first  mcrely  a  red  colour  nitixwi 
R  prifipftatr ;  but  (he  latter  is  imme<Iialely  product 
eitlicr  by  itdding  Miiriatie  acid,  or  by  exposing  the  saluliM 
ti>  heat. 

A  bar  of  MetaHir  Xhr  prcoipi tales  anliniony  fnHn  t« 
solutions,  in  the  metallic  stale,  and  in  Ibc  form  of  a  bUiL 
[)ow<Ier. 

The  »alls  of  protoxide  of  antimony  cannot  be  heated  w 
redness,  in  coDtact  with  the  air,  ulthout  being  eitlieritr- 
romposed  or  volatilized.  Theirsulution.t,  whjrh  are  alwi}> 
acid,  redden  Htniiis  paper. 

The  ronipoiiads  of  protoxide  of  antimony  whidl  W 
iawdtible  in  water,  ran  he  nearly  nil  dissulvi-d  in  mimatit 
acid.  The  pre,>jenre  o)"pn)l«\ide  of  aniiuiotty  in  the  inl 
Holulion.  is  beat  detected  by  sulphuretted  hydrogen  |«s. 
The  arid  with  whirh  tlie  protoxide  of  antiinnny  >sn.s  tiriii- 
nnliy  combined,  w  then  contained  in  the  solution  üXuni 
from  ibe  !;ulphuret  of  antimony.  If  the  iniioliiljlc  cto- 
pound  consisted  of  protoxide  nt^  antimony  in  rombiaati« 
with  a  base  instead  of  an  arid,  then  the  Xaxsv.  exists  Id  the 
fdtereil  .solution,  in  thr  slate  ofeldoride. 

Before  the  Iiloicj>i/>f,  the  salts  of  protoxide  of  antiratmt. 
U'hrn  miit^lrd  with  noda  and  lieated  in  the  inner  tlante.  tn' 
reduietl.  The  bead  of  metallic  antimony  thereby  jpi^ 
dured,  remains  lonfT  in  the  melted  state  ntlcr  bein^  remmrJ 
from  the  flame,  and  gives  off  tt  Ihirk  white  smoke.  WIm 
the  smoke  ceases,  the  globule  of  antimony  bcconirs  covcsri 
with  a  iwtwork  of  crystals,  which  consist  of  proloudetf 
antimony.  (BKitzt^Lll^^  :  UebtT  die  AiiKenditnq  ett*  Li^ 
Tohn,  p.  HI.) 


SohiHon»  of  protoxide  of  antimony  are  most  irjuQt 
knonn  by  their  behaviour  with  liquid  sulphuretted  bvdt»- 
gen  and  hydrosulphiuel  of  ammonia. 
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Wlien  the  solution  of  prntn\t(lr  ol*  «iitiiuony  rnntnins 
non-vuliiüle«rB*uiii:.substuiiifs,it  can  vt-ry  olicii  U- diluted 
intb  water,  without  lieinic  readered  milLy.  It  in,  un  this 
arroiiiii,  thai  tarltir  i-nit'lii' <Ii!i>u>lvc»i  coiu[tletf)y  in  vviiter. 
From  siirh  ii  solution,  however,  if  it  Ik-  acid,  ri-d  .sul|>tnirtl 
of  antimony  ran  be  prt-cipttntrd  liy  .tutphurcttrd  hydrogen 
iras.  The  prewnce  of  pruloxitle  «f  aniiiuony  is,  therefore, 
vusy  of  dctoetiuii. 
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XXX.    OXIDE  OF  CUROMIUM. 


Oxide  uf  rhrrtmiiim  in  Ih«  state  of  hydrate  is  ereyish« 
jäWen.or  »ben  it  haft  Iw-f-n  stronely  dricd.  creen.  It  rtradily 
disM>lvrs  in  »cidn,  and  tJu-  .solutiiHi,  even  when  vor>'  dilute, 
IMh^sesKCs  tt  deep  cmemld-grccn  colour;  but  if  vi^wed  by 
iRtnsmitled  cnndle-lißht,  it  appears  violet.  The  hydrate 
is  de[irivpd  of  ir.<i  water  l>y  hent ;  and  at  the  ctiiuweucemcnt 
of  ißniiioii,  hecoDH^it  strongly  incandescent.  'ITic  colour 
of  the  oxide  is  dark  fn'een.  After  itcnitiii»,  it  in  LimolTiMo 
innctd«;  it  can,  ncrcrtiicloss,bodJä«olvcd, by bein^ heated 
ia  .Milphnrlc  acid. 

The  .tohition-H  of  oxido  of  chromium  in  arid.<(,  and  iIiomo 
of  the  Mills  of  oxide  of  chromium,  in  u'uler.lH-hate  towards 
rrap*iit:t  us  foUmvü: 

A  :>olutiot]  of  Pota$fi,  added  in  stnali  quantity,  produrcs 
:i  li^^lit  green  precipitate,  which  readily  and  completely 
redissol ves,  in  the  cold,  in  an  excess  of  the  prccipilanl. 
The  colour  of  the  residtin^  sohition  is  grcrii.  [Ktsscssing:  io 
^nenil  the  fiamc  appearance  as  previonK  to  the  adililion 
itf  the  potiuh.  If  this  solution  is  boiled,  the  ^rcen  oxide  of 
rhi-oniiuni  in  cunipletcly  repri^-i|)iliit('<l,  iumI  the  super- 
natant solution  brcudies  culuurlcss.  The  colour  of  this 
precipitate  is  KTeen,  even  by  candte-li^ht. 

Awatoni»  prodiK^s  in  solutiotis  of  oxide  of  chromium,  a 
(^yiäh-blue  precipitate,  slightly  tending  towards  violet. 
Uy  candle-Ii^ht,  this  precipitate  appears  of  a  pertect  violet 
colour.  The  .■iiipprnatant  liquid  poKses^eit  a  reddish  colour, 
und  Ntill  retain»  in  solution  a  Irure  of  oxide  of  chromiuin, 
nhich  cuo  he  precipitated  hy  a  prolonged  di^slion. 

A  solution  of  t'arixmute  ^f  PotitaA  produces  iu&olutions 
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of  oxtdo  of  chromium,  a  light  ^rcen  precipitate,  whldi  m 
being  allowed  to  repose  fur  some  time,  bectimei*  almoilj 
blue,  am)  by  ciuidlü-ligbt,  uppcant  violet.  Au  exrrM  ofl 
the  preripiluiit  rettissolve»  a  considerable  quantity  of  tbr 
precipitate,  and  thereby  produces  a  sotntion.  which,  IbomI' 
at  first  greou,  becomes  after  some  time  bluish.  A  wry 
^Qat  excess  of  the  precipitant,  redissolvcK  the  prM'ipi- 
tated  oxide  completely.  'Ilic  resulting  .solution  affords  no 
precipitate  when  boiled. 

A  aoluUoD  of  Bicttrbonate  of  Potatk  produces  in  ik 
solution  of  oxide  of  ehromium,  a  lii^ht  ',,'rt-un  precipitau; 
;ui(l  the  supernatant  liquid  remains  greenish.     Upon  bräf^ 
allowed  to  repose,  bodi  the  precipitate  and   tb«*   Holutiai  I 
become  bluish.     Ity  <:<tmtk'-li{;ht,  the  precipitate  uppcisJ 
vioteL 

Atiolutioo  of  Carbimatf  of  Ammonia  behaves  in  the  aaatl 
manner.  I 

A  solution  oi'  Phtifphate  of  Sofia  produces  in  ihe  neirtnll 
solution  of  oxide  of  ciiromium,  a  light  grvcn  precipHata 

Solutions  of  Oxalic  Ac'ul^  Prvs^itUc  of  Poiagh,  and  Sd\ 
Pnmiate  of  Potash,  produce  no  precipitate  in  solntiMj 
of  oxide  of  ehronUuiQ.  ] 

A  soluiioD  of  Chromate  of  P-otaxh  coiimiunicntes  I*  vl 
»rititi lilted  .stilutiou  of  Dxidc  of  rhrumium,  a  dL-t>|>  brownikl 
yellow  colour.  'I'he  addition  of  ammonia  to  tliis  solulifl  I 
produces  a  brown ish-ycl low  precipitate,  while  the  »opri'l 
iiatant  HoUition  retains  the  same  colour.  The  aüditiMt'l 
a  üolutiuQ  of  Chromate  uf  pota.sli  to  a  neutral  snlntioarfl 
oxide  of  chroniituu,  immediately  prtKlmcM  a  yellow  pfW^I 
pilate,  ^vhile  the  supcriiutaut  solultiui  acquires  a  hnawnil^l 
yellow  colour.  ^  J 

A  solution  of  Iodide  of  Potamwn  prodticcs  in  neutnfl 
solutions  of  oxirle  of  chromium,  a  greenisb^wliitc  urccifi- 1 
täte,  which  is  suluble  in  muriatic  acid.  I 

J/j/ilrvsufp/iiiTrt  ofAmoionm  produces  in  a  neutral  sultttiM  I 
of  oxide  of  chromium,  a  »^-cuish  pnxipitate  of  oxide  rfl 
ehnmiium.  I 

Lüftlid  ^lilphftretted  Hifdmtjcit,  or  a  current  of  Sulpknrrtid\ 
Hydrogen  Gas,  produces  no  precipitate  in  acid  or  jicutnl 
solutions  of  oxide  of  chromium.  I 
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TIk  iiciitral  soluble  üilIüi  of  oxide  of  chromium  redilcn 
litmuN  paper.  The  Knits  of  oxide  nf  rhromium  »liith  »re 
Holuhlr  in  n'litcr,  arc  clvcompoücil  l>;  i^itiun. 

The  salts  of  D\id«  of  cbrouiium  nhicit  arc  insoluble  in 
water,  arc,  pr<-rion5ly  to  iftnition,  mostly  .soluble  in  acids. 
Tbl?  soliiiions  of  those  compounds  very  often  tiehavc  In 
lli<!  HHme  manner  as  acidnlated  sohitions  of  pure  oxide  of 
climmiuin.  In  these  cases,  it  is  often  easy  to  overlottk  the 
arid  wilh  which  tlic  o\ide  nf  rbromiimi  pruiUice.s  tlir  Com- 
pound which  is  insoluble  in  water.  The  presence  of  oxide 
of  chromium  in  tliese  eompouuds  can  rery  readily  be 
detected  by  the  blovriiijM'. 

Hcforc  th«  lilotcpipv,  the  compounds  of  chromium  are 
very  easily  detected  by  the  bcantifal  cmerald-green  colour 
vthich  they  rommimirnte  to  the  lluxrs.  The  culour  of  the 
flux  is  equally  green,  both  in  the  inner  and  outer  tlume,  a( 
least  with  microeosmic  «alt;  the  latter  character  di.ttin- 
guishes  oxide  ol"  clintmiuni  from  oxide  of  cnp|icr,  which 
pnnltKTS  II  ^rccn  l>cad  only  in  the  otttrr  diimc.  (Bumeb- 
LIVB:  Ueher  die  Anwendnnff  dtx  Luthrohrs,  p.  8U.) 


The  eoni)M>iinds  of  oxide  of  chromium,  cau  be  (Hstiu- 
giiii4hed  wilh  facility  from  mo:it  of  the  Mibstances  (realcil 
of  in  the  preceding  :iection,s,  by  (hr  exiitiiiiuilion  of  the 
suiallcfit  portions  before  the  blowpipe.  •Solulioosof  oxide 
of  chromium  are  characterised  by  their  ^reen  colour.  They 
are  diHtinjruished  from  the  ureeii  solutions  produced  by 
other  subfitances,  by  experiencing;  no  alteration  on  In-iny 
treated  with  liquid  sulphuietted  hydrogen. 


The  presence  ofnon-volatilc  orRanir  «ubstances  hinders 
the  precipitation  of  oxide  of  chromium  by  alcalies. 


ACTION  Uf  RUAOHNT8  OS 


li.     ACIDS. 


I.  ACIDS  OF  SLLPUÜTL 


a.  StrivPUVRic  Acid. 

In  a  pure  nnd  aiiliydrotis  »tute,  sulptitirifr  nc'ni  Totim 
luit<!li  stringy  muMs,  wliii;li  .smokies  very  struiigly  iu  thesis 
This  dry  aciil.  however,  can  be  very  seldom  presented  (or 
uiialysiiii.  The  hydrate  of  Hul|ihuric  acid  is  cither  fiinil| 
(\ordbau5cn  oil  of  vitriol),  iu  wbich  ca&o  it  can  very  eftd|f 
be  nmde  lo  deposit  rrystals  by  h  simii'wliat  low  tfinpcn- 
ture,  or  it  in  not  fuming  hut  of  u»  oily  t'Oiisisteiice.  Tbt 
latter  is  ics  Ufuial  .stute,  und  is  tlmt  of  the  commercial  oil  d 
vitriol.  Both  the  fumiog  »iid  the  common  oil  of  vitriol  ut 
perfectly  colüurlrs.s  if  pure;  but  the  fomier  is  ^:vncnSf 
poäscssfd  of  a  Itronii  colour,  which  is  owiii)^  tu  the  pn^ 
seiice  of  an  extremely  «mall  quantity  of  organic  tnalia 
I'he  boiling'  point  of  sulphuric  acid  is  far  higher  than  ihtl 
of  water.  It  \a  not  dct;ou)|msrd  by  boiling.  It  i»  a  puner- 
ful  decowpOHCr  of  Oi^anic  subataiicci^,  und  abütracts  wa» 
from  the  air.  '\^''hen  it  is  mixed  witli  xvater  or  aloofaol,  it 
produces  bt'al. 

The  acid  and  neutral  sulphates  are  alt  soluble  in  wata, 
c.\cvpting  the  Compounds  lormed  by  sulphuric  urid  «ilb 
burytcs,  strontian,  protoxide  of  lead,  und  lime.  These  sie 
partly  vm'  HparinK'y  ä>>tuble,  and  partly  (juiie  iusolublcti 
water;  they  are  also  insoluble  in  an  excess  uf  acid.  TU 
basic  sulphates  are  nearly  all  iitiMdubl«  in  wa  cr,  but  kuIs- 
iilr  in  diluted  !icid.s.  'Vln:  ncutml  <iulpliate-s  an?  insoluble ia 
HiroiiK  alcohol,  exceplin;,'  ihi.- sulphu  tea  of  peroxide  of  in* 
of  oxide  of  chromium,  and  of  a  few  other  basen  whkk 
contain  a  iron-tideralih;  numlicr  of  alomx  of  oxy^vcu. 

The  prejjence  uf  sulphuric  acid,  either  in  a  free  5tut«i4f. 
in  the  salt-*)  «hieb  arc  soluble  in  water,  is  vt^ty  easy  «4 
dctct'liiui.  Vi'n  dilute  soluLiuns,  uilherof  :>ul|itinric  adj 
or  sulphates,  produce,  with  the  smallest  iiuauiiiy  oft 
solution  of  a  banjlic  suit,  and  that  wlUcli  uiisucrs  the  pet- 
pose  XvisX,  in  almost  alt  cases,  is  a  solution  of  chloridl 
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of  hariiiiu,  a  white  prccipitnte  of  «utphiitc  of  ltiin,'te)4. 
The  »dilKiun  of  a  frc^i  airid,  Tor  whirti  rxpLTiniRiit  il  in 
cummunty  be»t  to  choose  tniiriatir  acid,  dtieH  uot  cause 
Uhä  precipitate  to  redissolve.  It  loust  be  observed  hereby, 
that  when  a.  .suit  for  examiuation  has  bceu  uiiii^led  with 
miiriattc  or  nitric  acid,  and  then  tested  with  a  cooe«ntmted 
solution  of  chloride  of  barium  or  of  nitrate  of  baryte«, 
a  whiu-  precipitate  of  rhloride  of  barium  or  of  niirale  o( 
l>jir\'les  may  bv  pHxIiici-«!.  'I'his  pn'n:ipttate  is  ^paringly 
Moluble  in  free  acidit,  but  dissolves  completely  in  water. 

Solutions  of  Ihctotaitf  of  Lwd  produce  in  solations  of 
sulphuric  ncic),  iir  of  i\w.  sulplitites,  a  white  pretripilate, 
which  ua.  discriminuted  from  similar  white  precipitates  pru- 
ducrd  by  protoxide  of  lead,  by  bein^  insoluble  in  diluted 
nitric  ncid.  V'ery  small  quantities  of  di.ssolvcd  .stilplKitcs 
are,  however,  by  no  means  so  well  detected  by  »otuUous 
of  protostilts  of  lead  as  by  solutions  of  bar^tic  salts. 

The  a(|ucuus  solutions  of  sulphuric  acid  »nd  uf  ihp  siil- 
pbatcH.  even  when  ibe  latter  have  been  mingled  w  itb  u  free 
Hcid,  arc  nut  trouliled  by  Utptid  Snjp/ttiretteil  U^droijtn, 
tmless  the  acid  bo  combined  with  a  base  wbicli  that  reagent 
is  capable  of  |>rec)pilii(iii|,'. 

Basic  sulphates,  which  are  insolnble  in  water,  must  lie 
dissolved  in  dilut<'<l  muriatic  ucid.  The  solution  must  be 
diluted  with  water,  and  then  tcittrd  with  ii  solution  of  chlo- 
ride of  barium,  llie  production  of  iiuioluble  sulphate  of 
biiry1e-i  indicates  the  pres<''nce  of  sulphuric  ucid. 

To  detect  llie  presence  of  sulphuric  acid  in  the  sulphate« 
which  ar«  cither  insoluble  or  very  sparingly  srdable  lM>th 
in  water  and  in  acids,  6uch  as  the  .sulphates  of  hurytcs, 
Atroutian,  liiue,  and  protoxide  of  lead,  it  is  necessary  to 
txiil  the  compound  in  a  solution  of  carlHmaie  of  polasb  or 
ul'  s(Mta.  The  solution  is  littered  frooi  the  undissolved 
residue,  and  after  beiuj;  supersaturated  uith  muriatic  acid, 
is  mixed  with  a  Milulion  of  cldoride  of  barium.  This  im- 
mediately produces  a  white  precipitate  of  sulphate  of 
bnryteK,  provided  ibe  insoluble  substance  contained  sul- 
phuric arid. 

The  ftulphates  of  which  the  base»  arc  alralieä,  alcalinc 
earths,  or  magoeäia>  arc  not  decomposed  by  heat     Thu 
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»ulptmtes  of  wliici)  the  base  is  protoxide  of 
uxidr  of  xjiir,  rixlilr  of  rothilt,  n\idr  of  nickel,  oxfdr  d 
cadmium,  or  deutoxiilf  of  coppt-r  arc  dc-t'oin posed  imlj  h 
a  very  stronif  heat,  and  for  the  most  part,  or  at  leaal  »bn 
the  quantilirs  arc  laiye,  only  vt>ry  ini-onipltjtely.  The  co» 
pounds  of  sulpliuric  acid  with  aluiuina,  peroxide  of  irua, 
|)cra!(ide  of  tin.  and  even  with  protoxide  of  iron  and  pml- 
oxiric  of  tin,  arr  more  rnKUy  dc<ronipn.srd  when  heated  a 
contact  with  the  air,  and  Icav«  pure  oxides.  The  cw- 
jKiund  of  siilphiirir  acid  with  oxide  of  silver,  Iciir«s  dl 
pun;  motal  on  beinj;  i}^nited,and  (hoKC  cont^Lintn^  prototUe 
and  peroxide  of  mercury,  leave  no  rcmaiuder. 

Solutions  of  the  neutral  compounds  of  stUphuric  aM 
with  alcalics,  lime,  mojcjiesia,  and  oxide  of  silver,  Ifltn 
tlie  colour  of  blue  litmns  pn|M<r  iinchnnged  ;  tttit  solatiM 
of  Uie  neutral  comjioumls  of  .sulphuric  arid  with  oikn 
buses,  rrdden  lilmus  papet. 

Beforc  the  lUuivpifie,  sulphuric  acid  is  detcctrd  ia  tk 
sulphatcjt,  and  c^iiMcially  in  those  which  do  not  coobis 
H  metallic  oxide,  by  the  following  experiment :  A  portm 
of  the  salt  is  added  to  a  clear  colourless  bead  tVtrmedbf 
the  fusion  of  .stxlawith  silirtt  on  charxx>al,  and  the  wboUb 
heated  it)  the  inner  flame.  The  colour  of  tlie  bcud  l.<c  tlientq 
r«ndered  dark  brown,  or  witli  small  quantities,  and  tiim 
it  \»  cold,  red. — When  a  sulphate  is  melted  with  8oda,d 
chartnal,  in  the  imier  flame,  and  the  mass  Ik  taken  from  lb 
charcoal,  laid  on  a  bright  piece  of  .silver,  aiid  moisteiiJ 
with  water,  the  silver  acquires  a  btiick  or  tlark  jeOo« 
stain.     (BCKZKLli;»,  Aniemduitg  des  Lüthrohrs,  p.  107.) 

When  the  sulpbatcx  contain  a  metallic  oxido  as  hub 
the  presence  otKiilpbtirir  »cid  is  (renerally  detected  beft* 
the  blowpipe,  by  itie  wloiir  of  sulphurous  acid  wliicli  if 
producx'd  when  the  salt  ix  i^iled  upon  charcoal.  Bu  • 
safer  proces.s  con^ists  in  healing  a  small  portion  nf  thcnK 
on  charcoal  to  expel  the  water  of  crystallisation,  tlicn  p>l- 
vcrlsing  it  in  a  mortar,  mixing  it  with  a  little  cbareail 
powder,  and  al^emards  heating*  the  mixture  by  tiie  hhw* 
pipe  flame,  in  a  little  glas-s  tube,  closed  at  one  end.  i 
considerable  quantity  of  solphnroua  acid  ^as  \h  thra  dism' 
gaged,  and  con  not  only  be  rcco^iucd  by  the  smdl,  M 
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Hlno  by  its  action  on  a  strip  of  moistened  Urazit-wood 
paper,  which  on  IxtinfC  inserted  iiiti>  tlic  upper  pnrt  of  the 
g]nsa  tube,  becnmux  Mcactwd. 

The  rompoaod»  formed  by  Aulphurir  acid  with  the  earths 
and  QJcAlie«,  do  not  disengajcc  siUphurouu  acid,  od  bcine 
trcaiitd  mt  above 


Thr  behaviour  of  snlphnric  acid  and  nf  the  sulphates 
lofntMs  a  solotton  of  barytcs,  is  so  characteristic,  tiiat 
sulpliuric  acid  cannot  lio  raistakva  fur  any  othrr  acid, 
eirrpt  setenic  acid.  Solnttons  of  tlie  latter,  ulieii  boiled 
with  ninriatic  acid,  di^engajfe  gaseous  chluriac,  wliich  is 
not  the  c»Mu  with  solution»  of  sulpharic  a<;id. 


When  organic  snbfltances  ore  »intaineil  in  a  Holulion,  it 
very  often  happens  that  a(  leftjtl  a  jMirlion  uf  ilit  fret-  sul- 
phurii:  luid  which  it  may  roiiluin,  t-si'»|M's  precipitation  by 
tlie  solution  of  barytes.  Ulis  is  the  case,  tor  r:\amplc, 
when  a  mixture  of  sulphuric  acid  and  alcohol  is  the  subject 
ofeiiperiuient. 


6.  StM,pNttRf)Us  Acid. 

Pure  salphuruus  acid  is  a  ^tui,  |K>ssoKsini;  a  iicculiar 
Hnfibriitin;;  odour,  by  which  it  can  be  easily  dete<'ted  when 
pn>sent  in  the  smallen;!  (|uiintili<!S.  Ity  employing!  great 
cold  and  pres-inre.  it  can  be  converte«!  into  a  colourless 
li4|uiil.     The  ^a»  blf^i-he-i  moist  ßruxil-wond  pa{H-r. 

Sulphuroas  acid  is  soluble  iu  water  and  in  gniatcr  ipian- 
(ity  in  alcohol.  The  solutions  possess  the  pecuJiar  .sufii»- 
catin^  odour  of  the  RnsoouH  acid,  ami  bleach  Bnutil-wood 
paper.  Wheu  iht'v  have  Iwen  i'x|miäp<1  for  some  lime  to 
the  air,  the  «ulphurmis  acid  is  found  to  Uc  cither  »holly  or 
partly  coDverlcd  into  sulphuric  acid. 

HolnlJons  of  flulpbur«us  acid  arc  deprived  of  tJieir  odour 
by  a  continued  bollinir,  Iwcause  (he  acid  is  volatiliw*]. 
'ITiey  are  nls<i  ilepriveil  of  their  odour  by  being  di^.'^ted 
with  bruwn  oxide  of  lead,  because  the  exce-ts  of  oxygen  of 
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tbe  base,  oxidises  the  xiilpfaiiroiis  acid,  and  occxtnooc  tk 
(urination  of  sulphate  of  protuxidt-  ol'lrud. 

.SoIutioQs  of  the  soluble  sulphites  do  not  smcU  of  ol- 
phiirous  neid  when  they  ore  neutral,  Imt  they  possMS  • 
peculiar  taste.  They  are  recopiii.-ied  by  the  odonr  of  «rf. 
phuruiis  Hcid  nliicli  they  diM-ng:a|re  on  buiu};  irt'oted  triA 
mariutic,,  or,  »till  better,  with  sulphnric  acid.  When  tk 
riohitinn  of  the  .sulphite  is  very  roncontrated,  tbe  ad* 
phnrous  arid  is  disengaged  on  the  adiliiiou  of  tlic  »tranfif 
acid,  with  cfTervoscence.  The  residual  liquid,  \vh«ii  man* 
»tie aiidliii!«  been  employed  to  decompose  the  sa3t,conttiM 
no  siilphiirir  add.  No  5iilphiir  is  .vparaled  when  thi> 
decoiiipoiiition  is  cflccted. — If  the  concentrated  solatioatf 
a  sulphite  is  minfcled  in  the  cold  v,  ith  nitric  acid,  sulpblinNi 
acid  is  di!M--)ij{u^i'<l;  hut  tf  (iie  mixture  is  txiilt-d,  yi*)Jif 
vapours  of  nitrous  acid  ore  disengaged,  and  .salpbtiricatU 
is  fonned  in  the  solution. 

!Sulphiiroii.<;  acid  is  discovered  in  solutions  by  ligmi 
SvipAitrflletl  Hydro^n,  which  produces  a  milky  ^\hite|ff^ 
ripitalc  of  sulphur.  If  the  Kolution  contain  a  »iulphite,  Ik 
precipitation  of  sulphur  does  not  take  place,  unie.'Ut  tk 
operator  adds  diluted  sulphuric  or  niurialic  acid  to  ill 
solution,  eilber  before  or  after  tLe  liquid  suL|ibiircttd 
hydrogen. 

When  sidutidUü  of  sul[i)]iteK  arc  niix.ed  with  solutionarf 
certain  metallic  salts,  and  u  stronf^eraeid,  its,  tiircxaa^ 
miiritttic  acid,  or  diluted  sulphuric  acid,  is  «idded  to  tk 
uiiMun*,  tin-  melals  lire  lhcn4)y  reduced.  Frout  n  solaliM 
of  chloride  of  ^old,  nietallir  ^uld  can  thus  be  scpanui^ 
oven  in  the  cidd.  A  dilut<-d  sohilinu  of  nitmtc  of  sünc 
which  has  been  niinu;lt>d  with  a  solution  of  a  sulphite  uid 
wich  diluted  sulphuric  acid,  yields  rethiced  silver,  howcvrr, 
only  when  it  is  heated.  Tbe  solution  of  a  salt  of  deuioxidt 
of  copp<-r,  upon  beiu»,^  boiled  ^^ith  a  solution  of  an  »Iralk» 
sidphitc,  yield«  protoxide  ot*  copper,  wliich  coiiibine^«  wiA 
the  sulphurous  acid  and  Ibrms  a  vulumiuous  light  bron 
-imi-ipilate.  V\wn  the  addition  of  diluted  sul))hurie  nrid. 
this  ]ireetpitutu  is  dei.ouiiiostHl.  Sulphurous  at  i<|  precit»- 
tatct)  tdluriom  from  a  solution  of  chloride  of  tetluriun,  in 
ifac  Stat«  of  a  black  metallic  ]K>wdiT.    It  also  prvcluii 
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Eßleniuin  from  a  snlulionof  <;cleiu(iusaci(l;  tlu*  precipitate 
has  a  cinDahnr  red  colour  and  remaiiiü  a  long  time  sus- 
pended in  \he  solution,  but  it  cnnlriitrts  in  a  wry  small 
balk  t-'pon  licinf  boiled,  »rid  at  tUe  same  time  acqturea  a 
black  (-oloiir. 

SulpliiiniiiK  acid  lurms  with  alralicü,  ttaltii  ubich  aro 
Holublt!  ill  water.  T\w  rnmputiiid  »liidi  it  priwluces  with 
eatilis  an-  iiisMilublt"  in  wuier,  bill  soluble  in  acids.  This  is 
the  reason  (hat  a  solution  of  Chloride  of  JJartttm  produce» 
in  nculnil  solutions  of  tbo  sulphites  a  white  precipitate, 
which  tally  redititiolves  in  diluted  muriatic  ackl.  When 
!be  solution  of  a  sulphite  has  been  lontrexposr-d  to  the  air, 
tJie  prin:i|iiliitr  produced  by  a  siiluliiiti  of  chloride  of  barium 
18  no  l«»Kcr  ciimplrtely  Molublr  in  muriatic  acid. — A  solu- 
tion of  f'hhridt  of  Calcium  uIm  produces  a  precipitate 
which  is  Hdluble  in  muriatic  acid. — A  »olutiou  of  a  Sntt  of 
Protoxide  of  Lead  pnidures  aUo  a  precipitate,  which  com- 
pletely disitolvia  in  the  culd  in  uitric  acid;  but  if  the 
-niixtnrc  is  boiled,  \ellow  vapour»  of  nitnius  acid  arc  dis- 
«nga);x^l,  and  iusobiblR  .sulpbute  uf  lead  is  produced. 

In  a  tiolid  form,  the  üiilpliites  are  known  by  the  odour  of 
sulphuruuN  »cid  which  they  disengaice,  u|khi  beiti^  moist- 
riit-d  with  an  ucid.  When  tbey  are  i^ilcd  in  a  ^latiM  uiIk> 
rloTitxl  Ht  one  end,  they  ronimonly  first  mi'lt,  and  arr  tbcu 
drroiupuMi^d  into  a  umlullic  »idplmret  and  a  »ulphale.  If 
tlien  the  i^led  uinss  \*  trt^atcd  with  a  diluted  acid,  it 
disengiiircH  üulphurettcd  hydnifr«>ii  gas,  provided  the  me- 
tallic .sulphurut  be  one  of  tbow  which  are  able,  with  tho 
assistance  of  a  diluted  acid,  to  decompose  water. 

Before  tlir  Hlotcjiipr,  the  Kul|ibile5  iK-havv  lowards  a 
bead  of  soda  and  silica,  and,  aßcr  fusion  with  soda  un 
.rharcoal,  towards  .silver,  precisely  in  the  .same  manner  as 
the  Kulpliate:<  (pitg*-*  l^)- 


Tbc  Holphilcs  can  cuKily  be  detected  by  tlic  cliaractrriMtir 
odour  of  sulphurous  acid  wluch  they  produce  on  bcin;; 
treated  with  tiiurjinic  or  dilute<!  Kulphuric  acid.  Wlieu 
this  odour  it.  \tvu:eivirti,  and  it  is  seen  that  nu  sulphur  is 
prtfcipitated.  lite  sulphites  cannot  Im?  mistaken  for  olber 
substances. 


IM 


ACTtOK  UV  itSACENTS  ON 


IT.   ACIDS  OF  NITROGEN. 


a.  Nitric  Acid. 

Nitric  acid  has  never  been  obtainfrt  tn  an  nnhf^na 
statn.  It  fnnns  willi  water  »  (-oUmrIr.sä  liquid,  wTUdil 
\\»  state  of  fTcatCKt  conrentxation,  voliiLiliiuvf  nt  a  Urn- 
pcmtur«'  IhOou  tlir;  lM>ilins;  ]M>int  nt' water.  Whcn,ailk 
contrary,  it  rontHin«  a  greater  qnantity  of  water,  in  lAeA 
state  it  is  much  mute  rniqumtly  employed,  its  InmIik 
{Kiiiit  rises  AH  hiirli  as  248^  Fabr..  and  in  clasit  vessels  cm 
as  high  a^  357'  Falir.  The  most  concentrated  arid  is  vm 
eaaily  decomposed :  if  submitted  lodistillation,  it  produtta 
t«d  vapours,  and  acr|iiiri^  a  yellow  colour.  Upon  bciif 
«xposcd  tu  tlie  Itjrht  of  the  8un,  and  under  variotiif  vHm 
cJTcumslaiiet'K,  it  becomes  yellow,  and  the  chanf^  in  culM 
\»  aiTumpanied  by  a  riisengacrmcnt  of  oxygi-n  gns. 

Dihilrd  nitric  acid,  of  the  .tlri-n^h  »liich  In  ronnwiolf 
round  in  rominvrcc,  is  capable  of  oxidlsini?  most  olto 
substances.  The  ireater  part  of  the  nietalg  can  I>e  tJurebf 
converted  into  oxides.  A  iiorlion  of  the  nitric  acid  saftw 
decomposition  in  this  case,  and  the  prmiucts  »flunM 
independent  of  the  oxyEen  fiimiiihed  to  tlic  mctnl.  «a 
partly  uitruu.s  a<:id,  partly  nitrous  ^as,  and  protoük 
of  nitnieen.  Hence,  whenever  n  mctiJ  is  treated  in* 
nitric  acid,  rttddish-yetluw  vapours  are  disent^apfd.  Tliil 
is  the  case.evenwith  tho.se  mctabi  whose  solution  in  odtf 
acids  is  accompanied  by  the  discniragemcnt  of  hydni)Eil 
gas.  Tlie  metallic  oxides  produced  by  this  o]x-niti«n,  a« 
nearly  nil,  with  the  exception  of  peroxide  of  tin  and  p^^^- 
oxide  of  antimony,  dissolved  by  tlie  undcconipoited  porti* 
of  tlie  nitric  acid.  A  few  metak,  platinum,  rliodtiw, 
iridium,  iuid  gold,  are  not  attacked  by  nitric  acid.  Tbr 
most  concentrated  rolourliM.t  nitric  acid  do^s  not  »encnBl 
oxidise  metals,  excepting  zinc. — Oi^anic  sulwituures 
alsu  susceptible  of  oxidation  by  nitric  acid.  Most  of  tboi 
are  converted  by  a  prü1oni;iKl  dii^estion  with  the  nssistaBrc 
of  lient,  into  malic  acid  and  oxalic  acid.  If  ibo  nitric  luü 
is  pre-scnt  in  excess,  it  does  not  become  colnurt^l  \rj  lUi 
operation.    A  crcat  nuuihc-r  of  orsraoic  substances,  trfw^ 
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bcioir  treated  with  a  smaller  quantity  of  nitric  ncid  than  is 
iierrssuiry  to  cAvrx  tlieir  cotniilote  itxiduliuii,  »i;qiiire  a 
charartdristir  yellmv  colinir.  This  is  the  case  with  Üiu 
skin  at'  the  hiunau  body,  niid  with  the  corks  which  are 
eraployed  to  close  the  bottles  which  contain  nitric  acid. 

The  sails  which  nitric  acid  forms  mih  bases,  are  nearly 
all  easily  soluble,  no  that  nitric  ncid  cannot  lie  pn^^^ripitatcd 
Irotn  its  Rolutiniu,  by  solulions  of  any  other  salbi.  There 
■Very  few  Hxiili'.-i  which  do  not  dissolve  bi  it.    Tlicüe 

re  been  named  aliove.  Hence,  the  detection  of  nitric 
acid,  when  in  a  very  dilute  state,  or  when  contained  in 
Itions  of  nitrates  of  which  the  oiwrator  has  very  small 
>ns  for  exaniinnt-ion,  is  often  moiv  difbciilt  than  the 
detection  of  other  acids,— When  very  small  quantities  of 
nitrates  are  in  solntion.it  is  best  to  evnporale  the  solution 
to  dryncMi  by  n  ifenllt:  heat,  and  to  examine  the  salt  in  the 
dry  state,  by  the  foUowint;  ineibods.  When  frco  nitric  acid 
is  cnntained  in  n  .solution,  it  is  saturated  with  a  base,  for 
which  it  h  be»l  tu  lake  ])ntn»b,  and  tbe  nitrate  is  obtained 
in  a  dry  slate  by  the  evaporation  of  the  solution. 

Tbl'  methoils  of  detecting  nitric  acid  in  solutions,  are  as 
follow : 

To  the  soliiliim  of  the  nitrate,  tniirintic  acid  and  n  little 
pore  Crotd'leafiirv  added;  the  mixlure  is  then  heated, npun 
which  the  gold  di.<»olves,  and  the  solution  betTomuii  yclhtw. 
If  the  gold-leaf  remain  nndissolved,  there  can  be  no  mtric 
acid  present. 

The  operator  odds  to  the  liquid,  first  a  little  sulphuric 
aeid,  and  then  a  I'rotomlt  of  fron  in  wbtije  ciystals,  for 
which  it  is  best  to  employ  the  prtitnsulphate  of  iron.  Jlo 
then  wan»:i  the  mixture.  If  a  nitrutc  is  prraent.  tli«  liquid 
near  the  cryt»tal.s  acquires  a  dark  blaekish-lmpwu  colour, 
which  is  owin;;  to  the  presence  of  dissolved  nitrous  ^oa. 
When  tbe  quantity  of  the  nitrate  is  considerable,  thin 
colour  is  communicated  to  the  whole  solutiou.  In  very 
dilute  .Holutiun.4  oruitiatr-s,  ihi»  dark  colour  is  often  imper- 
ceptible. ' 

Small  quantities  of  nitric  acid  and  nitrates  in  solntion, 
ar«  detected  by  addiiii;  to  tbe  liquid,  a»  much  of  a  solutiou 
nf  indigo  in  sulphuric  acid  us  is  sufiirieiit  to  render  the 
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whole  HiHtinclIy  but  fcrbly  blnisli.    Tu  this  BolQtJ(ii.i 
littlr  fiu]|iliiirit-  arid  is  adiU-d,  aiul  tli«;   whole  is 
The  solution  i«  tiion  bleaclicd,  or  when  a  very  smnJI  qii 
tity  of  nilrir  at^id  i»  present,  it  I<wh>s  its  blue  colour,  «W I 
bec-omes  yoHow.     If  a  UttlL^  cbloride  ot' sodium  is  adde^a 
tlie  mixture  before  it  is  Imilcd,  it  is  ra.sy  tu  dft4-rl  tk] 
presence  of  -^  of  Qitric  ncid.    Thia  rcuKimt  is 
mended  by  Libbic.    (Po<;(;iiniiuri'|''s  Annulen,  B.  xia] 
p.  200.) 


The  iin-.s<rDrt;  of  iiitrir  urid  in  tliv  solid  nitnttrs  is  d^j 
tected  by  tlie  followine  cxpcrimeuts: 

Minified  H'itb  rharrouJ  ]Mm'der,  and  hoatt'd   in  a  UHbl 
|H)rr«lain  erucible,  they  ÜL-fla^ati-  and  discimrjii^e  spaib« 
fire.    This  is  the  most  usual  melhod  of  detcctini;  lliep^] 
setirc  of  nitric  acid  in  Ihc  nitrates. 

Mingled  in  a  i^laAs  tub«  riosod  at  one  «nd,  with  Ot/faj 
J-'Uing»  and  «»KTUtratod  Sulphurie  Arid,  t«  whicb  a  vwi] 
little  «liter  bus  Imi-d  addei),  iJie  nilnttcs,  at  the  ordiunfl 
lumpentlurL',  diatmKagc    oran|;e-yello\v  vapours.      Wh«| 
sulphuric  acid,  without  copper  lilinpi,  is  added,  tlic  nittaet 
disepgagc colourless  acid  vapours,  M'bich  form  whitr  ctmdi 
ulicn  a  f:\ass  rod  moistened  with  ammonia  is  held  ovrrik 
surface  of  llie  mixture. 

Metallic  Zinc  is  dissoKcd  in  Merrari/,  in  such  a  ptupx- 
tion  that  the  fluidity  <if  tbe  mercury  is  ouly  »li^itK  din- 
oished.  A  ]>orli<>n  of  tbis  unml;;am  Is  placed  in  n  Itnb 
porcelain  capsule,  and  is  barely  covered  with  a  aeuwi ' 
solution  of  Prntochioride  of  Iron.  A  small  piece  of  a  niH»" 
is  tben  laid  upon  the  mercury  in  the  solutiuii,  and 
some  time,  a  blax-k  .stain  is  prmluctHl  upon  the  tnc 
just  at  the  sjMit  where  tltn  nitrate  lias  been  plared. 
this  process,  which  has  l>een  pven  by  IH"ngr  (Po«<iß* 
»orkf's  Annahnt,  B.  E\.  p.  479),  the  smallesl  portiuuoll 
solid  nitrate  can  be  detcctml. — Solutions  whirh 
nitric  acid  ornilrates.  also  pniducc  lilacV  stains  tin  vb 
parts  of  the  amalgam,  but  uut  so  distin(.:tly  as  the 
salts. 
1  I'tie  nitrates  arc  all  decorapOAcd  by  i^iition.     Some  a 
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I  tfMM,  OD  bein^  expo^^ed  to  heat,  first  «JisenpiSP  o^yirrn 
t  gaa,  and  nreconvcrU-d  into  nitrilcs,  which  are  abi)  decum- 
poscd  by  a  stronger  heat.  Other  nitrate«,  particularly 
such  us  coutiiin  inptiillic  oxides  as  bases,  t;tve  out  both 
«xygcii  «as  aod  nitrous  ucid  on  Ix-iiig  ignited.  If,  there- 
fore, thctie  nitrates  are  heated  over  n  spirit  himp  in  a  white 
glass  tube  closed  at  one  end.  the  glass  tube  become.s  ßlleil 
Willi  yellow  vapours,  *m>  th'it  the  presence  of  nitric  acid  ran 
readily  be  detected  by  thisexperiment.  A  very  lew  uitralea 
yield,  on  ii^itiun,  their  nitric  acid  in  an  undecomposed 
Stat«,  in  company  with  their  water  of  iTy.s1ani.<iiition. 
Xitrate  of  ammonia  is  converted,  by  heat,  into  pure  water 
and  protoxide  of  uttrogen. 


Of  the  precedinir  eX|K,Timcntü,  tho.io  in  nUlcb  the  nitric. 
acid  in  the  nitrate»  is  detected  by  means  uf  cop|ier  filing 
and  sulphuric  acid,  or  by  stilphuric  acid  and  a  protosalt  of 
iron,  give  the  most  decisive  ri'^iilts.  ''■'he  phenomena 
which  i>cciir  in  the  other  experiments,  can  also  be  pro- 
duced by  the  reaction  of  xulistancex  which  do  not  contain 
nitric  acid. 


b.  NiTRocB  Acid. 

NttroiiK  acid  in  a  pure  stale,  and  when  exposed  to  a  very 
low  tcmpi'ralure,  is  a  liquid  possrssinc  a  deep  gnt-n  lohmr. 
This  liquid,  on  being:  cxjM»s<;d  to  u  still  lower  ti-uiperatnre, 
bei^mes  colourletsa.  It  i&  ver>'  volatile ;  at  the  usttal  tem- 
perature Ol"  the  atniosphere,  it  ibrms  a  dart  yi-llo wish-red 
ga».  It  is  never  jtre^tented  in  a  pnn>  state  for  analytical 
examination ;  but  (he  com))ound  which  it  forms  wilb  nitric 
acid,  i»  more  tVetjuently  the  subject  of  exijerimetit.  This 
compound  is  held,  by  some  chemists,  to  be  a  jHTuliar  oxide 
of  nitrogen,  and  is  termed  nitrous  acid,  while  the  true 
nilroiiH  acid  receives  from  the  same  chemistN,  the  name  of 
hyponitrous  acid. 

NilnnLs  acid  dissolves  in  water,  yet  not  without  expe- 
riencini^a  partial  df-«:t>n)po»itioii.  The  solution  is  accom- 
[Hioied  by  a  diseueaffemeut  of  nitronü  ea«i.  and  the  liquid 
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contains  a  cotnpuiinfi  of  nitric  acid,  nitrons   acid,  anJ 

water. 

Tlic  compoundH  of  nitrouK  aciil  with  bases  cannot  fcf 
produced  by  the  direct  combination  of  thrtr  conütitucvt* 
Tbey  very  niurh  resemble  Ihc  lUlrates,  and,  like  tbe  Utirr, 
arc  characterised  by  deflani-atinß  on  b«;iiij;  mixed  aad 
facHteil  with  charroiil  powder.  It  is  jiossiblr,  bonefCr.M 
di!4tiii»:ui.sb  iht^m  with  accuracy  from  tho  nitrates^  by  IW 
cx|>ehnicnt.'4  which  fullow: 

Whcu  the  !M»luiiou  of  a  nitrite  is  minKlc<l  witb  mariitr 
acid  and  a  pi>r(iun  of  GoU-ktif,  :inil  the  inixtiirp  is  hpatti, 
the  K"ld  does  not  dinsnlrc,  provided  nu  uitrnte  be  proni' 
Wbcu  tlie  solution  is  concentrated*  it  becomes  ali^Mj 
yellow  i»li,  hat  thii«  rolunr  i»  not  attributable  to  the  prcseatf 
or  fiiKti(>l\x-<l  goUl;  lor.  when  tbt*  Elution  it:  diluted  mtt 
water,  the  colour  difiapiwara. 

When  .sohittoiis  of  the  nitrili'x  nn' »uhniiltt^  to  diflluU* 
tiim,  n  slow  boiling  cxpelti  aiinms  fiaa  wliieh  un  pB»flBt 
into  tbe  air  produces  yellowisb-red  vapottra  of  nitratf 
arid,  and  in  the  meantime  tlie  Kail  iu  solution  is  converv^ 
into  a  nitrate.  Whcu  äoluiionjt  of  (he  niirit«'»  are  Ittäii 
in  the  open  air,  they  are  easily  converted  into  itolutiuii»«^ 
nitrule.s. 

When  nitrites,  in  a  solid  stale,  are  treated  with  5*^ 
jthurir  Acid,  in  lht>  cold,  in  a  white  ("laKS  tube  closed  il 
one  rod,  they  di-senguge  yellowish-red  vapours  of  mtrW 
acid. 

IfniilioQ  concerts  sonic  of  the  nilriloi,  those,  for  exaiii|il«'- 
nhich  contain  alcalies,  into  compuiiuilH  which  cpoImi 
atcalies  in  comhinatioii  with  nitrous  gae. 


Tlic  nitrites  can  probably  be  mistaken  for  np  oihtf 
cotnptmndH  than  nitrates,  and  they  can  be  diätinfruisM 
from  tliesc,  by  the  properties  cited  above. 


The  CoMjMßund  of  AUroun  Acid  vifh  Nitric  Acid  whkK 
as  nhOTC  slated,  is  considered  by  some  chemlKtä  lo  bet 
pecaliar  acid,  iit  contained  in  llie  fumiai;  aiiric  acid.    Tut 
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actd,  ucconltDff  to  Vtiractiuttucw  (Pucuendurff's  .4ii- 
nahn,  W.  w.  p.  UIH),  consists  ofasoltitiunof  iiitrous-iiilric 
acid  in  nitric  add.  It  in  HlniiMl  wbolly  drrumposed  by 
water,  whicb  coDverlii  tbe  nitrou:*  acid  iiitu  nitric  uvidi 
while  nitruus  ^as  is  disviiKHKcd.  TItc  lUtuiug  uiiric  acid, 
Iiowt'ver,  invnriably  retains  a  portion  of  nitrous  acid,  i'vi*n 
uDnr  diliitimt  with  water.  When  lb«  luniin^  nitric  acid 
has  brvii  diluted  wilb  nulcr,  it  in  deprived  ol'  it^  peculinr 
yetlotvish  red  cidimr,  and  becuniej«  culourlci«^. 


IFL    CHLORIC  ACI1>. 

The  Iiydrale  ol'  chloric  acid  is  a  coluurless  liquid,  which 
can  be  r«-dnccd  by  firnllc  evaporatiou  to  (ho  consirttciicr  of 
an  nil.  It  can  l»r  ^-ulutilixcd,  but  a  sinall  {Kirtiuii  id  dccoiu- 
poiifd  diirint;  Ihc  volatilization,  into  oxyecu  eaei  and  per- 
oxide of  ctdorinv.  Chlorii-  a«id,  like  most  oilier  acid«, 
dissolves  zinc  and  iron  under  disen^itjiemcnt  orbydn)|;cn 
fca».  It  cxpcrifncc»  »carrrly  tin*  least  »lieratina  on  ex- 
posure lo  aunosphcric  air,  und  in  even  very  slightly  alfected 
by  «iponure  to  the  liirht  of  the  ütin.  It  n^ddcus  Htminj 
PSpsr^  but  the  rt'ddcmMl  paper,  on  bi'ini;  alluv«*ed  tu  remain 
luilonched,  ttecom  es  bleached,  in  consequence  of  (he  decoui- 
(lositinn  of  the  arid.  Chloric  acid  convens  Mulpburouii  acid 
into  .siilphiiri«:  arid,  and  i»  at  the  »anir  time  rcdui:i-il  to 
cbluriitc.  It  convertH  »ulphurcttcd  hydrogen  %aji  into  »ul- 
phnric  acid,  sulphur,  and  water,  and  muriatic  acid  into 
chlorine  and  water,  ft  ix  distinKutshed  by  the  latter  cha- 
racters frotu  perchloric  arid,  wtiicfa  is  out  dL'cum|Hii!H.'d  by 
the.sc  compounds. 

Chloric  acid  producer  nilh  hanf»  compounds  which  are 
nntch  titore  frequently  the  subject  of  chemical  exiimination 
than  the  arid  ilii«'ll'  i.<i,  fur  tliu  chlurali^s  ate  applied  to  lei'b« 
Dical  [lurpusfH.  They  are  nioaitly  cusily  soluble  iii  vtuter, 
and  only  a  few  of  tbeni,  us,  for  eviunple.  tbe  chlorate  of 
potaäli,  arc  didiculi  of  solution.  Uu  ibi»  uvcouut,  clUoric 
acid  cannot  Im?  precipitated  I'rum  soluiiuns  of  the  cblonite«> 
either  by  a  base  or  by  solutions  »(  otlier  sails.  Ileiire, 
Mdulion.<i  uf  pure  chloratr-s  priNlucr  no  prccipituti^  wilb  a 
ii4)luti<Hi  of  nitrate  of  silver;  but  a.«  tlic  chlurnte»  which 
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have  nut  been  prepared  by  the  Kuturation  of  pore  diknir 
arid  Vi  ith  bases,  are  very  frequently  contaminated  by  ine- 
tnllic  chlorides,  from  which  it  is  often  difficult  to  seinali 
them,  it  commonly  happens  that  their  solutions  beoow 
troubled  by  a  solution  of  nitrate  of  !«ilver.— Solatiou  a 
pure  ehlur»tes  exert  no  nrlittii  un  litmus,  whieli  ca>k 
attributed  to  (he  acid. 

Whcu  <lry  elilorates  are  i^oitt-d,  they  disenga^  oxim 
pas  ami  are  converted  into  metallic  chlorides.  To  prw 
this  by  experiment,  it  is  only  necessary  to  heat  a  sa 
quantity  of  a  chlorate  over  the  spirit  liimp,  in  a  little  !^Im» 
tiilic  closed  at  one  end,  and  to  hold  a  ^limmcrinp  fjAtMttt 
of  wood  to  the  mouth  of  the  tube ;  upon  which,  the  o\}fa 
pas  which  Hireams  out  of  the  tube  causes  the  wood  tt 
inJIanie  »nd  Ui  bum  with  vigour.  IT  the  i|;nite<]  residoeit 
then  dissolved  iu  water,  the  resulting  solutiou  alfuitls  «nil 
a  Solution  of  nitrate  of  giWer,  a  dense  precipitate  of  cU»> 
ride  of  silver. 

When  concentrated  Sulphuric  And  is  poured  in  thcocM 
orer  chlorates  contained  in  an  open  ressei,  a«,  for  cxamjifc. 
in  a  rather  wide  k'-'-'^-'*  tobt*  dotted  »t  one  cu<l,  vapoon  tl 
peroxide  of  chlorine  are  dixen^aged.  This  gas  is  Lnovi 
by  its  greenish  yellow  colour,  which  is  nrarly  the  mum« 
the  colour  of  chlorine  gas,  but  much  Ainuicrr.  lo  prifoi» 
inp  thiü  experiment,  it  is  necessary  to  employ  but  a  swi 
quantity  nf  the  Kalt,  and  to  avoid  the  application  of  boM. 
other» iMr  an  explosion  will  take  pliuT. — ^^'hen  the  dri» 
rates  are  mivcd  with  a  little  diluted  ^flt^iutir  Arid  lai 
rnutiously  warmed,  they  disengage  greenish  yellow  Tapnn 
of  protoxide  of  chlorine. 

When  the  rhlomtes,  particularly  such  ns  contüa  •• 
water  i>f  crystallisation,  art!  heated  in  cumpanr  with  nl- 
phur.  charcoal,  or  earhonareouM  substances  such  as  et^ 
with  certain  nii-tals  ami  metallic  sulphurets,  and  paitki' 
lorly  with  phosphorus,  they  explode  with  great  viokan 
It  is  ibercfore  necessary  to  be  very  cautious  in  pcrforMC 
these  eTcperimenl«,  and  to  openUe  with  Tpr\'  small  qtnnli- 
ties.  When  iliecliloraipis  mixed  with  sulphur  ur  cionalMi; 
or  more  especiull)  with  phosphorus,  the  tnixiure  rsn  r%n 
be  made  to  explode,  by  beinK  struck  with  a  hammer  «pa 
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nn  anTiI,  Tt  also  tx|>l()ilr.s  on  liciii^  imiiiuled  in  n  metallic 
jijortur— If  a  mixlurr  of  a  vlilornle  wilh  »ulpliur  is  moist- 
ened with  fumiDfT  titilphiirir  arid,  it  bnnitit  into  a  flame. 
Wlirn  romnion  oil  ofvitriol  is  employed  in  this  experiment, 
it  dot-s  ni>t  alwayi«  pnKluce  a  flame,  lhoii)ib  it  iuvurialily 
^Tes  ritte  I»  a  very  violent  action.  In  both  cases,  tbe  odour 
of  chloride  of  sulphur  is  produced. 


IIt  the  violent  exploitioii  produced  by  heating  the  chlo- 
rates with  cnmhuKtible  bodies,  and  by  the  ycllowisli  grcc-n. 
and  nut  yellouiüb  md  ^:us,  HüseiiintKCil  by  trcaliuf;  them 
with  Mdphurie  acid,  they  C4in  l>c  readily  rero)niised,  and 
are  moreover  diülin^ruishuble  by  tbe  latter  pru|Hn1y  frum 
the  nitratcit  luid  uiLrites. 


IV.    BROMIC  ACID. 

Bromic  acid,  in  combination  with  water,  is  a  colourle^M 
liquid,  which,  like  the  hydrate  of  chloric  acid,  is  capable  of 
being  evaporated  to  the  consistence  of  a  syrup.  Iiraiinot, 
honcvcr,  be  diülillcd,  without  being  partially  decomposed 
into  bromine  and  oxyftca  gas.  It  reddens  litmus  paper, 
but  when  the  Hlmiis  pai«T  remains  for  some  time  in  eontaci 
with  the  arid,  it  be<:onu'.s  lileucluMl.  Muriatic  acid,  hydro- 
bromic  acid,  siiIpburou3  acid,  and  sulpbureltinl  hydrogea 
det'ompoäe  bix>mic  acid  in  the  same  manner  as  they  decom- 
pose thloric  acid. 

Some  of  the  basex  which  produce  .•uilable  »alts  with 
chloric  acid,  produce  uith  bromic  acid  compounds  whicli 
arc  either  iuäuluble,  or  very  sparingly  äuluble.  Sohitiims 
of  brouiatoä  produce, for  example,  a  nhite  precipitate  with 
a  .lolutiou  of  JVUrate  uf  Silver,  even  when  the  bromates  are 
totally  free  from  ntetalHc  bromides.  This  precipitate  ig 
soluble  in  ammoniti,  »nd  in.suhiblr  in  diliitrd  nitric  acid. 
It  )»,  however,  di:itin^uishi^  from  chluhdr  of  itilver  by 
being  only  very  slightly  hiackciicd  on  exposure  to  tho 
action  of  liccht.  aud,  like  all  the  bromatcü,  by  causing  an 
explosion,  on  b«in^  mingled  and  belted  with  cbareool. 
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A  coDC<-iitratcd  solution  of  Nitrate  of  t.ntd  pnjdacan 
concentrated  solutions  of  bniniatr«  «  white  precipitate, 
which  rcdissolvcs  when  the  »olnlion  is  ttiluted  with  »at«. 

The  solid  brotnatcs,  like  the  «oHtl  chloratcs,  are  dwio- 
pogied  by  ij^oition:  Uxy^en  %^»  i:«  ex|K>llfMl,  and  mtrullir 
bfomides  are  praduced.  Tlicy  explode  with  nrarijr  lb 
same  degree  of  violcact;  nit  (lie  chlorates,  on  beiiiK  rainfiM 
and  h«at<-d  n-itli  sulphur,  cliarcoal,  or  other  roroboslikk 
bodips;  tlipse  mixtun's  can  also  be  caused  to  explode  bi 
Q  blow ;  and  they  are  likewise  inflamed  by  being  niotstfort 
by  fuming  sulphuric  acid.  Whi-ti  the  l>roniate  ronliiM 
water  of  rrjBtalhsation,  these  phcntimcna  are  pn-Mlocedb 
a  leas  striLing  manner.  When  hroniatcH  are  nijnsled.ii 
Ibe  ctild,  with  concentrated  snlphuric  acid,  in  u  glo&t  toK 
cloüt'd  at  one  end,  Ihey  d is^'ngage  )>ruaiine  jEi:as,  whtdiit 
easily  recognised  by  its  hyadath  red  colour.  At  thestv 
time,  oxygen  gas  is  alsu  libi-ratcd.  Most  of  tlir  bmiDilB 
are  dcconiposcil,  if  dissolved  in  a  very  .sniail  quiintitj-i' 
water,  mixed  with  sulphnric  arid  or  nitric  acid,  and  it« 
e^jHiswl  til  Iieat.  The  whole  .•iohition  then  arqttirci » 
beautiful  hyacinth  red  colour,  in  coii-icquent;!'  uf  the  |n> 
Rcnce  of  free  bromine.  Many  broumtes,  tt.s,  tor  exan^ 
the  bromatc  of  buryles.  cauDot  be  dccomposfcl  in  iJua  ink- 
ner  when  in  solution,  but  their  dccum position  is  ^bcki 
when  the  tu-id  \s  heated  with  the  dry  hromate- 


Tlje  bromftte.s  faitve  nmst  »Jmilarily  n-ith  the  chliiraM 
Their  soliitioott  are  distinguished  from  thoüe  of  the  biiur, 
by  giving  a  white  precipitate  with  a  Kolntion  of  nitrates' 
silver.  Tile  dry  !«alts  are  disliuEruished  by  pn>ducia;  it 
the  cold  with  concentrated  .Hulplnirir  acid,  not  n  yeUoind 
grceu  gas,  but  a  hyacinth-red  ga.<>.  of  a  colour  simitar  ■■ 
Uiat  of  aitiMU.'i  acid.  The1>ronm(e»aredistini;nJsbedfi(a 
the  nitrites,  by  the  dilferonce  in  the  mnde  of  tbeir  decn» 
po.tition  wlien  ignitint.  They  arc  distinguiKhed  tmm  otbtf 
salts,  by  productiiix  an  K-cplnsioa  on  beinj;  nainKlnl  i 
heated  with  combustible  bodit^s. 
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Tbc  b)'<tratc  of  Iodic  acid,  can,  accordiiii;  to  Sbbl'i.las 
(PocciKNUoRpp's  AnuiiVii,  B.  xviii.  p.  I L2},  bv  <ilMaine<l 
in  a  rrystnllistxl  :4t}it«.  It  easily  dinsolvi'K  in  wali-r,  hut 
i.s  only  .tljghlly  üoliiblc  in  alcohol.  It  experiences  no 
cliaiiiE:«^  OD  exposun;  to  the  air.  It  posscHses  a  peculiar 
odour. 

The  aqueous  solution  of  imlic  acid,  ßrst  reddeni«  litmos 

papLT,  and  after  Koino  time,  Itlearhns  it.     .Siilpliiirous  »rid, 

muriatic  arid,  and  .tulphuri^ltcd  hydrogen  pin,  derompoHe 

it  in  (be  same  manner  hs  (licy  decompose  cliJoric  at^id 

,(pa«e  1«3). 

MoKt  of  tbe  compounds  formed  by  iodic  arid  nith  )>ases, 
an-  cilber  in.toluble  or  but  .sparinf^Iy  soluble,  excepting  Ibc 
ioilatcs  of  ulculicH. 

Sulphuric  acid  and  other  oxyfi;en  acids  apiiear  to  ufri-ct 
the  ludatcs  iu  do  other  manner,  than  partly  to  eoavert 
tbeni  into  ucid  iodatvs,  and  partly  to  separate  tbo  iodic 
acid. 

When  llic  iodntcs  are  miiiijle«!  and  heateil  with  rninbiis* 
tiblc  IkkÜi-s,  they  drtooutc  liJkC  the  riilorutcd  and  broniatca, 
but  much  lei«s  forcibly. 

When  tbe  iodatec  are  iiniited  in  »  litlie  retort,  they  dis- 
i'ni^ii;e  iixyj^en  gut,  and  iire  fuiiverted  into  metallic  iodides. 
When  add  iodates  arc  treated  in  thiin  manner,  they  not 
only  disens!iKeii.\y!rcni!as,l)ut  also  vlolrf -coloured  \apowrs 
of  ioilinc.    Thi:  lixetl  rt'-sult  is  üüU  a  metallic  iodide. 


The  iodate»  are  best  and  most  safely  rcco^iscd.  from 
the  production  of  oxygen  gait  and  metallic  itnlidtr»  when 
they  ore  ignited  in  a  little  retort.  Tbc  di^ug:a|^cmcnt  of 
o\y;:rn  ^as  is  Tcry  ca;jily  discovered  by  holding  a  glim- 
mering fipiinter  of  wood  at  the  mouth  of  th«  retort  during 
tlie  igriiiiou.  'Die  eombnslion  of  the  wood  then  proceeds 
with  unusual  vigour.  The  metliotl.'i  of  recognining  the 
metallic  iodides,  or  rather  the  iotline  in  the  nictallic 
iodides,  will  he  indicated  fiirther  on,  under  the  head  of 
metallic  iodidesi. 
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VI.    PHOSPHORIC  ACTD. 

A.nhydn>(is  iiluisptioric  ucid  cun  Im;  obta.iuetl  by  bonuDir] 
plospliorus  in  a  larcc  (juantily  of  oxygen  gas ;  it  appein 
in  til«  Tumi  of  wliite  tltK-kü.     The  hydrate  of  phospborit 
wM  i«  obtained  in  the  solid  state,  by  evaporating  ib 
aqueoiu  solu t iuii  in  vesscU  of  plntinimi,  hcii ti ng:  tbv  reskfar 
for  a  considcTalde  lime  over  a  gentle  fin-   in    u  ixirml 
platinum  tTiiciMe,  and  liniilly  cxpusiuK  it  to  ignition.  1W 
resulting  solid  hydrate  of  phosphoric  arid  is  a  glassy  n 
tvhieh  heeoniei;  luoist  in  the  air  hiuI  deliquvnces  to  a  liqiil ; 
of  the  eoiisixtrna^  of  syrup.     If  the  ig-nitcd   mass,  np» 
beeoiniaii  tool,  is  Ircalcd  with  water,  it  completely  iJi»- 
solves,  uad  (he  ili.sKu]utioii  is  accotnpanied  by  a  cracUttt' 
which  continues  for  some  time.     When  the   phospboiv 
acid  hau  not  iH^en  hented  in  the  co%-ered  platinum  crunbkj 
for  u  Kultieienl  length  of  lime,  it  produees  a  glutinous  auKl 
on  cooling.     When  phosphoric  arid  of  the  consistence  rf] 
syrup  is  heated  in  nn  opeu  platinum  ycam.-1,  it  volatiÜBtl 
in  the  form  of  a  dense  white  etmokc.  and  if  it  be  pcrfcctb] 
pure,  and  the  heat  is  sustained,  it  leaics  no  rcstdae.    TV 
more  impure  the  phosphoric  acid,  the  less  volatite  is  Ä 
and  the  less  liable  to  deliquesce  od  bein}(  cooled  in  Ael 
open  air.     When,  therefore,  a  phosphoric  nritV  atfords  m 
suiokf  on  hei»^  ipiitcd  in  un  npeu  vessel  of  platinum,  ulj 
produces  a  glass  which  in  uot  deliquescent  in  the  air,  at' 
which  in  hut  ti|mnuffly  soluble,  or  even  quite  insoluble,  nj 
water,  the  phosphorit-  acid  is  conlamiiiated  by  a  cuii»ia> 
able  quantity  of  lived  constituents,  und  the  glass  is  lia| 
fn-*:  from  water. 

Phosphoric  acid  strongly  attacks  vessels  of  j^as»  «I 
)Km:elain,  when  it  i»  fused  therein.    The  acid  is  thtUR*' 
dered  let»  deliqiicsct'ut  and  less  volatile,  and    no  lonpij 
dissolves  coniplcieiy  in  water. — Pure  phosphoric  aciilii 
easily  soluble  in  water  and  in  alcohol. 

Of  the  satt«  which  phosphoric  acid  fonns  niih  base^j 
none,  in  a  neutral  sln(e,  are  soluble  in  water,  excvptii^j 
l1io.<h;  which  contain  an  alcali.  The  neutral  compons^«'] 
phosphoric  acid  with  the  earths  and  metallic  oxides 
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When  the  phosphnric  a<-id  in  rombined  with  barrtcs, 
stnmli;iti,  lintf,  or  niii)nic^iii,  tli<-  ]iri>s<>ncc  ul'  phosphorio 
acid  i»  detected,  if  the  compound  tlissohes  in  mtiriiitic 
nrid  and  can  be  again  throw^i  dmvn  as  a  white  precipitate, 
hy  8upt'r»aluriiliu^  the  acid  sohition  with  auioionia.  Hut 
tho  (»pi'intor  must  bare  previously  conrinccd  himsrlf,  by 
means  of  other  experimeDls,  tbat  neither  arsenic  acid, 
Itonidr-  luid.  tliinrine,  nor  certain  organic  aciiU,  farm  part 
ol'  the  stdtKtanrr  under  examination ;  I'nr  bi)r>*tc.-(,  »Iron- 
tiau,  and  lime  ran  only  be  pnK:ipitalcd  Irum  solution  by 
ammonia,  when  they  are  combined  with  pliosphorie  acid, 
arseuic  add,  btinuic  arid,  or  some;  «iri:»nic  »elds,  or  when 
their  metats  are  combined  wilJi  Ihiurine.  And  magnesia 
als4>,  which  cannot  be  precipitated  by  ammonia  from  sola- 
t  tion-s  \%hich  contain  muriiite  of  anmionia  or  other  ammo- 
I  uiacal  saltd,  t8  nevcrttielc^  prcct]>itatcd  by  ammonia, 
I     when  phosphoric  ncid  is  present. 

I  A  more  dilficult  thine,  liowerer,  is  to  detect  the  pre.-wnce 

I  of  phosphoric  acid  »hen  it  is  combined  with  alumina.  The 
I  phosphate  nt'  iduminn  bchavca  tonnrdu  niu^  reagents 
exactly  lue  pure  altiminn:  the  acid  »ohition  is  precipi- 
tated in  Ihe  same  manner  liy  ammonia,  and  ibc  pret-'ipi- 
tated  phosphate  of  alumina  is  equally  soluble  with  pure 
atumimi  in  an  excess  of  pure  potash  and  in  free  acids.  To 
detect  the  prcsenct;  of  phu-Hphnric  acid  in  the  phu^spliatc  of 
ftlumiaa,  the  salt  is  first  dissolved  in  moriatic  acid,  and 
the  solnlion  ia  miDtfled  \rilh  so  mnch  of  a  solution  of  pure 
potash,  Ibut  thu  pri>cipitale  of  phosphate  of  alumina  which 
tirst  appears,  is  a^in  completely  redissolved.  To  this 
Koluliou,  a  solution  of  silicic  ucid  iu  jKitash  (silicatcd 
potash,  lii)Ui>r  of  Hints)  is  next  added,  llie  alumina  is 
thereupon  precipitated  in  combination  with  silicic  acid 
and  pola-^h,  in  the  state  of  an  iojiulublc  gelatinous  mass, 
rilher  immediately,  or  after  some  time.  Tho  fiolulion  is 
filtered  from  this  precipitate,  and  mingled  uith  a  solution 
nf  chloride  of  c^ilctnni,  nhercnpnn,  if  phnsphiH'ic  ncid  be 
pres<'at,  a  precipitate  of  phosphate  of  lime  appeiirü.  But 
it  \h  Iwlter  to  add  a  very  sliglit  exces.-«  of  muriatic  acid  to 
the  alcaline  .^iidution,  particnlurly  when  the  potash  is  likely 
to  conliiin  carbonic  acid,  and  then  to  saturate  the  acid 
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of  hnul,  i»  almost  insoluble  in  free  acetic  acid,  bat  is  dis- 
solved by  nitric  acid.  If  thid  prccipitüte  of  plionplialc  tf 
lead  is  (iricd,  ami  then  fused  upon  charcoal,  tii  tlic  ubIs 
flame  of  the  tiIowpi])e,  the  fuiwd  lead  becomes  distinctly 
rrj'Kluitiiie  upon  cooling.  (BKitZKj:,tUS;  Auvcendung  dt 
iMthrokrt.) 

A  sotatJOD  of  yitraie  of  SUtvr  produces  h  yellow  p«c»- 
pitat«  in  .•ioltition.s  of  (ho  nc-iiiral  phusplinteg  of  alcali« 
Thix,  of  all  (be  precipitator  whirii  are  produced  by  pbn- 
phoric  acid,  is  that  by  which  the  acid  i;«  best  characterise!; 
for  all  Ihr  ulhrr  »cJiLs  which  have  luuch  ri;srniltlancc  t« 
phosphoric  acid,  produce  with  o'^ide  of  silver,  precipitates 
which  posHeKK  u  difleretit  colour,  with  the  Kiiiglo  exc^Mitl 
of  »rjionious  acid. — Even  »hen  tlte  muIuiIods.  both  oirA>| 
phosphate  and  ihi;  siill  uf  nuvit,  wer«  netitntl,  the  i\qwi 
nhicb  is  Ict^  bIwvc  the  yellow  precipitate  reddeii.<t  Ihr  blnr  ■ 
litmiiK  pupcT,  bt-cHUse  the  precipitate  is  a  ba^ic  .salL     Itii 
only  ill  a  soliitioii  of  pliuiiphatc  of  soda,  recently  prcput4 
from  a  salt  which  bsks  shortly  before  been  stroui^ly  ifCDit(<| 
Lliat  the  solution  of  nitrate  of  .-iilvcr  produce«  a  white  { 
i:i[)itatc  of  ncuiral  phosphate  of  silver. — Tlw  ycllu^v 
pitalc  of  phosphate  of  silver  is  soluble  both  in  nitric  «all 
and  in  ammonia;  and  indecil  is  not  insolul>le  iu  a  liqiÜ 
which  cunlain.'*  nitrate  of  ammonia.     When,  thorelorf,  ij 
solution  containing  a  Ismail  quantity  of  phosphate  of  sUk 
in  a  lai^e  quantity  of  nitric  aeid,  is  cautiously  satunl(i| 
with  ammonia,  no  precipitate  is  produced. 

Phosphoric  acid,  coutained  in  neutral  and  aeid 
pouuds  which  are  solulde  in  water,  is  neither  prec)piliHl| 
nor  converted  into  a  lower  oxide  of  phanphoniK,  by  .sutpli»[ 
retteil  hydrogen  gas.  by  sulphurous  acid,  nur  by  any  odi«! 
teajreut. 

The  presence  of  iil)o.sphoric  acid,  in  the  pliospluutfl 
which  arc  insoluble  in  water,  ran  sonjrtimca  be 
overlooked,  piirli<;ul»rty  when  the  conipiuiufl»  coolailll 
great  number  of  conslitueutj,  and  when  other  acids 
present  which  behave  towards  reat;enls  in  the  sante 
uer  as  phosphoric  »cid.  V'cry  considcrahlu  caniidi 
required  in  tbi»  cafic,  to  avoid  overlooking  cvm  a  Ur 
quantity  of  phosphoric  acid. 
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When  thr  phiraphoric  acid  is  coiabiDed  with  Iiaryte», 
strontinii,  liinf,  or  niii^c^ia,  the  presence  of  phi>«[)hörio 
acid  in  (letencd,  U"  the  compound  dissokos  in  muriatic 
ucid  luid  rail  be  «Rain  lhro«~n  down  as  a  wliite  preripitate, 
by  siiprrsatnrating  the  acid  solution  with  ammonia.  Ttiit 
the  upcnttor  inuNt  hai-r  previously  convinced  himself,  by 
means  of  other  experimeiiLs,  that  neither  arsenic  acid, 
ttorucic  acid,  lluorine,  nor  cerlaia  orgunic  acids,  form  part 
of  ihe  substance  under  examination;  for  ban'tes,  slron- 
tiao,  and  lime  can  only  bo  precipitated  from  solution  by 
KRiiaonia,  when  they  are  combiued  with  phosphoric  acid, 
arsenic  acid,  biiracic  arid,  or  some  «ririinic  acids,  or  when 
their  metals  are  combined  with  flnorinc.  And  magnesia 
klso,  which  cannot  be  precipitated  by  ammonia  from  solu- 
lious  which  contain  muriate  of  ammonia  or  other  arnmo- 
aittcal  salts,  is  nevertlieleiis  pn-ripilated  by  ammonia, 
when  phosphoric  acid  is  present. 

A  more  difficult  thin^r.  ho\vevcr,  is  to  detect  llie  presence 
of  phosphoric  arid  »hen  it  is  comhined  with  aiuniiiin.  The 
pbosphnt«  of  ainmina  behaves  towards  mo^  reitgcnis 
exactly  HLe  pure  ahimina:  the  acid  solution  is  precipi- 
tated in  the  saute  manner  by  ammonia,  »ml  the  prccipi- 
tateil  phoxphate  of  alumina  is  equally  soluble  with  pure 
alumiua  iu  an  excess  of  pure  pot<»>h  und  ia  frt'r  acids.  'J'o 
detect  thu  presence  of  phosphoric  acid  in  the  plu),-iphntc  of 
alumina,  the  salt  is  first  dissolved  in  muriatic  acid,  and 
Ihe  solution  is  minted  with  att  mueh  nf  a  Holiitinn  of  pure 
pota»h,  thai  the  priH-ipitalc  of  phiwiphale  of  alinniua  wliieh 
first  appears,  is  again  completely  it-dissolved.  To  ihiit 
solution,  it  riotutiou  of  Hilicic  acid  in  potash  (siUcaled 
potash,  liquor  of  fiiat«)  ia  next  added,  llie  alumina  is 
thcrciipoii  preripilnted  in  combination  with  silicic  acid 
and  potaüh,  in  the  state  of  an  insoluble  (lelatinous  mass, 
cither  immediately,  or  after  Kome  time,  llir  solution  is 
iiltercd  from  this  precipitate,  und  min^dcd  with  a  sohilion 
of  rbioridc  of  calcium,  whereupon,  if  phi*spbi>ric  ad<l  lie 
prcAcnt,  a  precipitate  of  phosphate  of  lime  ap|>ears.  But 
it  is  better  to  add  a  very  slight  excess  of  muriiitie  acid  to 
ibr  alcnlinc  iiolution,  parlicnlarly  when  the  potash  is  likely 
I«  contain  cariionic  acid,  and  then  to  saturate  the  acid 
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vJth  a  little  amiQOuia,  aad  to  precipitate  the  iwlntiml 
chloride  of  calcinm. 

When  llic  phosphoric  acid  is  combined  with  meti 
oxides  whirh  are  capubk:  of  bt-ing  precipitated  by  hydi*] 
Riilphiirct  of  uiDiuonia  from  a  sohiiiun  nliich  has  pn>T 
ouxly  h(!i-n  Sii1iirüri;i1  nr  KiiperKutiimied  with  ammonia, IiilJ 
which  art-  iucapable  of  precipitation  from  arid   solttt 
by  sulphuretted  liydrot;en  gas,  and  which  oxides  are  rofrl 
tiequctitly  those  of  mangancsv,  iron,  zinc,  cobalt,  njrl 
and  uranium,  then  the  operator  must  precipitate 
substances,  in  ibe  state  of  laetaUie  sulphiirets,  by  hjrd 
sulphuret  of  ammonia.     The  solution,  liltt-rcd    from 
mfultiag  metallic  sniphuret,  i.s  sliehtly  iicidulntcd  by 
atic  arid,  and  allnwrd  to  difit'ftt  in  a  warm  plac«,  until  i 
has  no  lon|;er  the  odour  of  i^iilphurctted  hydronrcn.    "Dtl 
Roliilion  is  tillered  from  llie  precipitated  sulphur,  and : 
rated  wilti  ammonia.     It  is  better,  however,  to  add  to  lit] 
(iltered  solution,  »ueh  a  qnajitity  of  larbonate  of  potash i 
leaves  the  acid  still  sli^htJy  in  excess,  so  that  it  can  ait 
tinclly  redden  litmun  paper.    The  vcäscI  should   then 
placed  for  some  time  in  a  warm  situation,  to  tacilitat« ' 
expulsion  of  the  carbonic  acid,  whirh  must  be  sepantd] 
a»  completely  as  possible.     A  sutlicieiil  quantity  oft»! 
inonia  i.s  then  to  lie  added  to  the  solution   to   redden  i\ 
capable  of  ciTectiii^i  a  slif;Kt  change  in  the  colour  of  n*. 
deaed  litmus  paper.    To  the  solution  thus  prepared,! 
solution  of  ciiloride  of  barium,  or,  still  better,  of  rhlnrideirfJ 
calcium,  is  added,  upon  which,  if  phosphoric  arid  i»  pr^ 
sent,  and  arsenic  acid,  lioracir  arid,  thiorinr,  and  orgna^J 
acids  are  absent,  a  precipitate  of  phosphate  of  barytesicJ 
of  lime  is  produced. — The  satunilion  of  tlie  acid  solati'« I 
by  curbonule  of  potash  is  prrferablc  to  the  saturation  Iff  J 
ammonia,  because  the  phosphates  of  lime  and  baryte^  : 
has  been  observed  above,  nre  partially  soluble  in  solutiou] 
which  contain  ammoniacal   suits.      When   a    very  iaaii 
quantity  of  a  phosphate  is  submitted  to  examination,  and 
the  .solution  has  been   satinaled  by  ammonia    alone,  ill 
.sometimes  happen.<;  that  the   addition  of  a    solution  vtl 
chloride  of  barium,  or  chloride  of  calcium,  produces 
precipitate  of  phosphate  of  baryleä  or  phosphate  of  liMiJ 
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because  tbo  entire  quautity  ü  dissolrcd  by  lite  anunoniacal 

SuluIJOD. 

Whoo  the  phosphoric  acid  isrotnliincd  wilh  iimrlallic 
which  can  be  prcripilatvd  from  uu  aciiluluird  mlii- 
tion  by  «ulphurultcd  hytlro^'o  put,  the  operator  employs 
IhJK  rea(fent  u>  procipttulc  the  metal  in  t\w  state  »i'  sul- 
pliuret.  The  sululiuii  liltercd  from  iIil*  lueiallk'  sulphuret 
is  exposed  lo  heat,  for  the  purpose  of  expelling  the  excess 
of-tulphurctteil  hjilmgcn.  It  is  then  examined  for  pbos- 
plioric  arid,  in  tiie  mauiirr  >«hieh  is  described  above. 

When  the  phosphoric  acid  iseombined  with  u  metallic 
oxide  which  is  capable  of  precipitatiun  in  the  stale  of  sul- 
phuret, neither  from  an  acidulated  solution  by  siilpbureited 
li>droi;en  ga»,  nor  from  an  auimoniucAl  or  nctitrai  mdiilton 
by  hydrosulphuret  of  ammoniu,  but  nhicb  is  iuKuluhlu  iu  a 
solution  of  potash,  ttien  the  beat  method  of  proceeding  is 
ft.s  follows:  Th<'  pliosphate  i>;  diNsohetl  in  the  timallest 
puxxililf  iiuantily  of  an  acid,  and  the  solution  is  iKiileil 
uilh  an  excess  of  a  solution  of  potash.  The  phosphate  is 
thus  deprived  of  the  greater  part  of  il«  phosphoric  acid, 
and  (he  metallic  oxide  is  precipitated,  u:^uully  \fitb  the 
colour  u  hich  characterises  il  when  pure.  The  precipitate, 
however,  contains  a  small  (|uainily  <>f  pliOKphnric  acid. 
though  tlu*  greutcr  part  of  the  plio:tphoric  at  id,  cxi.<4|$,  in 
EMoibination  with  |n>tash,  in  the  filtered  solution.  A  sufB- 
cient  quautity  of  muriatic  acid  is  added  lo  the  latter,  to 
saturate  (bo  polasli  aud  tu  remk-r  the  solution  sli^hlly 
mad.  It  is  tlien  mixed  »itb  a  soUitiou  of  chloride  of  cal- 
cium, together  with  a  little  ammonia  lo  .saturate  the  free 
acid.  This  produce:^  a  precipitate  uf  phosjihale  of  liuie. 
Acids  which  behave  towards  reaf;cnts  in  the  some  manner 
a.<t  plioKphonc  acid,  can  also  be  xeimraled  from  their  liases 
liy  jxitasli  and  lie  made  to  affonl  a  prtTipitate  with  a  Solu- 
tion uf  chloride  of  calcium,  exactly  in  the  same  manner  as 
phoHphoric  acid.  IHie  operator  tnusl  therefore  convince 
himself  that  the  compound  for  examination  is  free  from 
these  acids,  before  he  can  delermine  with  certainty  that 
the  preeipilatp  produced  in  the  above  operation,  by  a  >iolu- 
tiun  of  chloride  of  calcium,  actually  consists  of  phosphate 
of  lim«.    The  presence  of  phosphoric  acid  can  be  detected 
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bv  the  above  process,  wlien  it  is  combined  with  oiitkrfj 
cbroiiiiuin  and  proto\idp  of  cerium.  It  van  also  be  oflal 
more  caeily  dctcclcd  in  this  tban  in  any  other  mairn^l 
when  it  exists  in  combination  mill  maKm^Hia,  prutoxiilci^l 
maii);Hm-H{?,  Ilif  oxiiIps  of  iron,  iunl  soiiit'  other  base«. 

To  detcfi  iibosphorir  acid  in  f\trcincly  small  portioHtfj 
pbos|>bnt4-!t,  it  ii«  U-st,  Hccnrdin^  to  Tiiknard  iUid  Vji^I 
QUKLIN,  to  proct-ed  as  follows:  A  portion  of  tncia3i(| 
pota.t<iiinn  or  lUHliiim  is  placeil  at  the  bottom  of  a  suul 
gla&H  tutw  cloüod  at  one  end,  nnd  the  phosphate  for  em^J 
nation  is  placed  upon  the  mclal.  The  piiiisptisttt-  mtiatkj 
perfectly  dry,  Iml  need  not  br  in  gnsttrr  ()uui]lity  tliMiAl!] 
TTT  of  a  grain-  The  %rlH>lc  in  (hen  cuutiously  heatfd  ■i| 
iffiiition,  upon  which  The  potassium  orMHliiim  reducesi 
phosphoric  acid  (ii  phosplitiret  of  {MilasNiitni  or  phospbniMJ 
ofsodiiim.  The  excess  of  polassitim  or  .tiHlitim  is 
by  means  of  a  .small  |iortiim  of  nuTcury.  «Inch  is 
into  the  little  ^las^s  tube  and  sixm  poured  (tut  it^iiiiii.  DtJ 
operator  then  cautiously  blows  thr<Migh  a  line  tube,  i^ 
the  miws  contained  in  the  tilass  tube,  Mith  a  view  lo  moimj 
it.  The  mass  is  thus  made  to  smell  slningly  and 
terisliciilly  uf  phospliurctted  hydn>gc»  gii«. 

Before  Ibe  Bltrtrpipr,  pbosidioric:  m:i(l,  in  the  solid 
phates,  cannot  l>e  detected  without  dilliculty.  Acrordbt] 
to  BimzELius,  the  operiit or  should  prore«»]  ns  foDow*:  h\ 
portion  of  the  compound  lor  evaiuination  is  (UKcd  triAl 
boracic  acid  on  charcoal,  and  when  the  intumescf'n«' ii| 
ended,  a  [>iecc  of  fine  iron  haqiüichord  wire  Ik  thrust  idhI 
the  bead  in  such  a  manner  that  the  two  ends  of  thn  war 
projrct  out  nl't  hellend;  the  whole  is  then  slnmt;ly  bcatCHlil 
theiinitrllanu'.  The  resulting;  head  is, uhencuM, taken  fri«] 
the  cliarcoul.  wrapped  in  a  piece  of  paper,  and  crusbud«! 
two,  by  a  stij^ht  blow  from  a  hammer.  The  uperaior  tbai 
hods  a  round  ifrain  of  phosphui-et  of  iron,  whit:li  poseestfril 
a  metfillic  iipjieai-nnce,  i,s  nia^nelic,  nnd  brittle,  S4i  tbil  Kl 
spriu^s  to  pieces  when  stnick  with  a  hard  blow.  TliepH^,] 
sence  of  a  .%nmll  quaotity  of  phoNpliorlr  arid  in  tfa« 
stAnce  suhniittcd  to  cMiniination,  cannot  be  detected  bfJ 
this  operation.  The  assa>  must  contain  no  siilphDricaoAJ 
arsenic  Hcid,  nor  any  metallic  oxides  which  fun  he  re 
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byirnn;  forolhfrwi>(i>  tin*  exporimeni  will  produce  globul<?M 
■  erc'i'inE  in  briltleucss,  fusibility,  and  nifiny  other  pnnicii- 
lars,  with  ih«'-  phusplmrct  ol'  iron.  Thi.s  niribod,  moreover, 
require«  t-oosidtrablc  address  in  the  operutor.  (Ukrzu- 
LIUK:   L'elnr  dir  AntrmiduHt/  ftfx  Liithrohrs,  p.  111.) 

ir  a  xuNd  pbiwiphnle  i;«  nvuisteni^d  »ith  Hulphum'  arid 
and  held  by  tbf  pliiliiium  Ibrcepä,  in  the  inner  llame  of  the 
blowpipe,  it  couiaiunicjttra  a  irreen  colour  to  the  outer 
flame.  'I'his  method  ol"  detcotins  pbosphone  acid  iK'forc 
the  blowpipe,  is  given  by  Ftairs  (Sciiwkigc  kk'm  Journal, 
B.  XXIV.  p.  130).  It  is  only  in  simie  cajw-s,  hovrrvrr,  rhat 
it  »flonU  ii  i:ooij  n-stilt ;  and  it  miiHt  Im;  burne  in  mind,  that 
liunilci  produce  the  ^amc  t-lTect. 

Tb<>  pbiiKpliateK  an*  not  volatilizul  by  heat,  when  the 
phosphoric  arid  iscüiiihine«!  uilli  ti\ed  biises.  Thc^eater 
part  ofthcKe  are  fu.sibleut  a  lii|:h  tcni))cr<iiiin',  |Mirticidarty 
tJii*  arid  phosphates;  but  tli»  phnsphatcs  wliich  havr  been 
fusetl  are  initolublc  in  most  acid.s.  A  i:reat  number  of 
phusphat<ii  are  decomposed  by  beinc  ignited  with  char- 
coal ;  in  many  rases,  metnllir  pbospburel«  are  then  formod, 
ivhile  in  ullivr  ca«es,  panindarlv  when  an  rxress  ofpboä- 
phoric  acid  is  prcstrnt,  phcutpliunLs  is  sublimed. 


From  what  bati  lieeu  »aid  on  the  behaviour  of  phosphoric 
acid  towards  ri>n;renlH,  it  is  easy  to  perceive  thai  tin;  detec- 
tion nC  that  acid  is  very  frequently  accompanied  by  ron- 
aidcrable  ditKrultics.  The  presence  of  ph(is|(b«rir  ncid  rau 
only  be  detcnnincd  with  certainly,  when  the  ojHTator  ha» 
convinced  himättf  by  previous  expcrinients,  that  the  «ub- 
Btances  for  examination  oonlaio  none  of  the  otber  aeids, 
wli<»e  rcactidns  are  similar  to  llinse  af  phospliorir  aeid. 
Then;  is  only  one  pruprrty,  which  is  cbaracieristic  of 
pbosplioric  acid  alone;  it  i«,  that  when  comtHucd  \vith 
protoxide  of  lend,  it  forms  a  »alt  which,  after  beina:  fused 
belure  (he  blotipipe,  eryslalbzes  as  it  eools.  The  pheno- 
i  meim  prxHiured  with  metallic  potassium  are  also  peculiar 
lu  phosphoric  acid  aiul  tin-  pliosphalc>.  Uy  th<-sr  alout-, 
liirn^ftin-,  can  it  be  distinct  (»lied  from  all  other  sul>- 
stancua. 
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Vn.    BORACIC  ACID. 

Bomcic  acid,  in  a  state  of  purity,  rorms  a  fuloariess, 
tnitiKparenl  and  brittle  glass,  which  fuses  at  a  red  heal, 
aiH)  is  not  viilatile.  After  being  Utsvä  in  »  platiniirn  resst-I, 
it  (li.süolrrs  inwutcrwiUi  somcdifliculty.  Ifii  is  dissolved 
in  bot  water,  llie  sulutioti,  on  cootinK>  deposits  crrstallin« 
scales  of  hydrate  of  boracic  acid.  Thtse  crystals  have 
a  splendour  rtscmbüng  tlmt  uf  mother-of-pearl,  and  are 
greasy  to  the  toach.  They  dissolve  sparingly  in  water.  The 
solution  changes  the  colour  of  blue  litmus  paper  to  red, 
but  at  tile  .same  time,  it  render.')  tnnnerif:  paper  brown,  ill 
which  respect  it  act*  like  an  alcalioe  solatioD.  When  the 
aqueous  solution  of  burueit:  acid  in  slouly  evaporated,  » 
considerable  quantity  of  the  acid  is  volatilized  «ith  llic 
water.  Boraric  acid  is  also  soluble  in  alcohol,  to  tlir  flame 
of  which  it  has  the  property  of  communirutin^'  a  green 
colour.  This  is  nii>st  distinctly  observable  whcu  the  solu- 
tion is  stirred,  or  when  llic  alcohol  is  nearly  all  ronsuined. 
This  colouring  of  tJie  flume  of  burning  alcohol  in  the  pro- 
perty which  is  most  characteristic  uf  lioracic  acid.  If  the 
spirituous  suhititHi  i>f  liorucic  acid  is  submitted  to  evapnru- 
tion,  a  very  considerable  quantity  of  the  acid  is  volaiilized 
with  the  spirit. 

Of  the  salts  of  boracie  acid,  those  only  which  have  an 
alcali  as  ba^e,  are  capable  of  Solution  in  water.  The  com- 
pounds of  buracic  acid  with  the  earths  and  metallic  oxide«, 
»rein  a  uewtral  state,  cither  quite  inscdiiblc,  orbutspnrinidy 
solul)le,  in  »ater.  \\'hen  neutral  wilulious  of  aUulinc 
borates  are  mixed  with  neutral  solutions  of  salts  whicb  ■ 
contain  earths  or  metallic  oxides,  precipitates  are  produced 
if  the  solutions  are  not  ton  dilute.  Thus,  fur  example,  pre- 
cipitates arc  produced  when  neutral  solutions  of  bomtes 
are  mixed  with  «  concentrated  solution  of  ('kloTide.  of  fia- 
rium.  The  resulting  precipitate  is  completely  soluble  in  a 
larg^  quantity  uf  water,  and  still  more  easily  soluble  in  a 
solution  of  muriate  of  ammonia.  The  precipitate,  produced 
in  soluliuus  of  borates,  by  a  solution  of  CAloriäüof  (nlcium, 
is  still  more  soluble  in  water,  and  particularly  in  a  solutioo 
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of  martatc  of  aratnouia,  ttmn  even  the  bomto  of  biirytcs. 
Far  murediHiriill  of  solution,  lumev^-T,  nre  ttio  procipitntcs 
whirh  iiTv.  im>fl<i(-eil  in  snhilion.'j  ni'  the  boriitcs,  liy  solii- 
tiuiis  of  JSitrate  of  Lead,  Protanitrati:  of  jHercuri/,  and 
Sitrate  of  Sileer.  The  precipitate  produced  bv  uitrate  of 
lead  is  while;  that  produced  by  proti>iiitmtc  ol'incrctir)'  is 
Imm-n;  that  produced  by  nitrate  of  silver,  ig  white  when 
tlirOK-n  dmvii  from  coneeiitrated  solutions  of  bonite*,  but 
bnmn  when  precipitated  from  diluted  solutiou.*«.  Htith  «f 
lhi\sc  prrripjuitcs  arc  rjisüy  solnbic,  cither  in  ammonia  ur 
in  diiutinl  nitric  urid. 

When  soluble  borute.s  »rt!  boiled  with  diluted  sulphuric 
Hcid,  they  are  decompo.'ved ;  and  as  Ihn  (»dution  lit-rotnr.s 
cool,  it  deposits  crj'slaJUrie  sealeH  of  the  8|»arinirly  soluhle 
Jndratc  of  borucic  acid.  The  cry:«lat8  are  readily  rero<;- 
'■bed  to  be  those  of  iMiracic  acid,  by  the  prnpertic»  which 
arc  dcHcril>cd  ab«ivr-.  Before  they  are  submitted  (o  any 
ex.pcninciit,  tlicy  raiirit  he  purified,  by  washiiip  with  water, 
fruui  the  frre  Kiilpburie  arid  and  .soluble  xitlphales  which 
udher«  to  them. 

Bonicie  acid,  in  the  burateit,  is  delected  as  follow.s :  The 
iMtnttc  ii  pulverisi-d,  pUictrd  in  a  porcelain  capsule  oii 
a  platinum  crucible,  moistened  with  some  drops  of  sul- 
phuric acid,  and  covered  with  ala>hol,  which  is  then  in- 
flamed. The  flaiae  produced  by  llie  bumiiii;  alcohol  boH  a 
^reen  colour,  which  is  most  observable  wlien  the  mixture 
.  is  stirred.  It  is  necessary  that  thctalt  under  examination 
I  coalain  no  chloride;  liccanHe  rhloridci,  of  llietnrielves, 
when  nwistcned  »ith  .sulphuric  arid,  communicate  to  the 
flame  of  buraint;  nienhni  :i  f^reeni.'ih  coluur,  in  eonsef|iienec 
of  the  forraaliou  of  muriatic  etiler.  Vet  in  this  case,  tlie 
eolonr  of  the  flame  is  bliii.^h  preen,  and  ha»  very  little 
similarity  l<i  tiiat  which  indicates  the  presence  of  Üoradc 


Arcordiai:  to  TfRNER,  the  borates  can  be  detwted 
Iwt'ore  the  blowpipe  as  i'ollows:  Tlie  salt  in  mixwl  wirh  a 
flax  comiMisetl  of  oae  part  of  pulverised  lluor  spar  and  four 
und  a  half  parti«  of  bisniphate  of  pota.s1i.  The  mixture, 
moistened  with  .1  Mtllc  water,  is  held  on  a  philiutiiu  wire. 
und  exposed  to  the  point  of  the  inner  hlnwpi|}e  flame. 
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Shortly  after  the  fa&ion,  there  appears   a   green  colffi 
aronnd  the  flame,  which  soon  dituip[)curs,  hnwovrr,  anil  it 
not  again  seen.    (Hbrkruus:  Anwaitiimff  ties  iMikniiki 
p.  113.) 


Tlir  iiiojct  decisive  hidiration  of  th«  presence  of  bararir  I 
arid,  is  the  ^reen  colour  communirated  to  the  flannel 
humins  alcohol,  cither  by  free  boracic  acid,  «>r  by  a  mc-j 
ture  of  borates  with  snlphurir  arid. 


Vlir.    CARBONIC  ACID. 

Carbonic  acid  iii  a  pure  «tat«,  is  a  colourless  ^as,  wUrlJ 
is  incoii)bii8lil>le  itself,  and  incapable  of  ütipportiuir  ttl 
combustion  of  other  bodies.  It  is  also  imfit  for  re.<<piratiaL 
Carbonic  arid  gtix  is  heavier  thtin  atnioispberic  air,  sotbaj 
it  can  be  jmured  from  one  tc-mcI  into  aiHither,  uearljm 
accurately  as  a  liquid;  nercrtheless,  like  ail  other  gAse*,t| 
inin)[tert  pretty  «quickly  uith  atmnspherie  air,  JkloisteMl 
blue  litmu»t  paper  is  reddened  by  curbuuicacid  ^9,  battb 
red  colour  disappears  when  the  paper  is  cxpoatfil  to  the  1 
Cnrbonit  acid  diMio]\e.s  in  natrr;  but  when  the  solutinnl 
exposed  for  äome  ttaie  to  the  air,  or  whcu  it  is  boiled,  tkl 
carbonic  acid  escapes  ahnont  completely.  The  aolulioa*'! 
<:arlHmic  acid  in  water  reddens  blue  liimu.4  paper  like  (kl 
gaseous  acid,  and  the  red  colour  is  eqnally  flf^^^ting^.  lm\ 
WatfT^  Jinrytfs  H'ater,  aiid  Slrontiaa  Wattv,  pnKlace  «UbI 
precipitates  in  the  solution  of  carbonie  acid.  Wben.lw*'! 
ever,  but  a  stnaU  quantity  of  lime  water  is  added  tu  till 
Miliilion,  the  pr(K:ipitalo  dissolves  »hen  the  liquid  is  stHR^J 
th(-  pn-i'ipitate  also  dissolTcs,  even  niieu  present  in  Uap\ 
quantity,  if  carbonic  acid  water  is  added  in  excess. 

Of  the  salts  produced  by  carbonic  acid,  all  which  c«-| 
tain  alcalies  for  bases,  wht-ther  ihcy  be  acid  or  Degtnl| 
are  soluble  in  water.    The  compounds  formed  by 
acid  with  eiirths  and  nietallic  oxides  are,  when  in  a 
state,  in.>H)luble  in  water.     On  this  arcount,  soiotioHi 
salts  of  the  earths  and  metallic  oxides,  are  precipitaicdl 
solutions  of  tlie  carbonates  of  alcalie.«.    If,  in  these  defw  1 
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positions,  the  carbonic  at^iil  raiuiot  combine  with  tlic  buse, 
it  escagiTfi  in  the  ^:aseous  Ibrm,  with  thr  pnidiirtion  nf  cflier- 
vcsccQce,  nnd  the  haue-  precipitates  in  a  (tff^  stale ;  this  is 
the  ras^  when  neutral  ^tsoraluniiDa  are  prei-ipitaleil  by 
carbonates  of  atralies.  Solutions  uf  the  rarbonates  of 
alcaltoK  are  not  only  precipitated  by  the  suits  of  the  eiirthi«, 
but  also,  in  souie  ra:ieä,  by  the  earths  thenisehejt;  tbuN, 
for  exaia|)le,  prceipitates  are  prwluewl  by  Lime  Water, 
Bitrytrg  lVaf,r,  and  Sfronfum  Witter. — A  very  small  number 
of  tJie  carbonates  which  are  insoluble  in  water,  aru  cuüily 
soluble  in  a  solution  of  carbonic  acid  in  water.  One  of  tlic 
most  remarkable  of  these  siibslaiicf  s,  is  the  earbonate  of 
magnesia.  Hence,  the  neutral  .solutii)nA  of  the  ahUd  of 
magnesia,  aJTonl  a  preeipilate  witbanolutioa  of  carbonate 
of  potash,  bat  none  with  a  solution  of  bicarbonate  of 
potash. 

The  aqueous  solutions  of  the  carbonates,  are  decompos- 
able by  all  the  acids  which  are  soluble  in  water,  and  the 
carbonic  acid,  is  expelled  in  the  .state  of  ^as,  which,  in 
eseapin);,  prodare»  elferxTHeeaee.  When  the  quantity  of 
the  carbonate  is  too  snijtll,  the  de«-om]M>8ili4iu  is  not  accom- 
panied by  effervescence,  because  the  free  carlninic  acid  is 
diK;<olve<l  by  the  water.  When  also  the  quantity  of  the 
cariH>uutc  is  ereater,  or  cvea  when  it  li  present  in  very 
mn.<iiderahlo  quantilv,  the  addition  of  the  first  portion  of 
acid  produce.-*  an  exireniety  slij;ht  effervescence,  which  in 
many  chsck  i*  totally  iinobscrrablr.  The  reason  fifthis  is, 
that  the  carbontr  acid  which  is  expelled  fnuu  on«-  portion 
of  the  carbonate,  combines  with  the  remaiuim;  portion  and 
produces  a  bicarbonate.  'I1ie  iiperalor  mu.st  therefore 
continue  to  add  the  acid  (gradually  to  the  solution  of  the 
carboDatc.  until  the  dccomjxtsilion  of  the  latter  is  com- 
pletely etfiTted.  It  is  then  found  that  the  rtrerveMTm'e 
produced  by  the  discbarge  of  the  carbonic  acid  gas,  hecomen 
ffi^dually  .>iln)n^er  in  pniporlioM  as  the  deeompn^ition  ad- 
vances. When,  on  ihecuuuarj,  a  small  qiianliiy  of  ibo 
Mdution  of  the  carbonate  is  poured  into  the  solution  of  the 
acid,  a  slrone  cflcr^'cJiccnce  is  at  once  produced. 

All  the  carbonates  wbicb   are  in.soIuble  in  water  are 
deeomposed,  under  discnifagcmcDt  of  carbonic  acid  ^s, 
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when  treatpil  in  a  pulverised  state,  with  a  free  acid.  Win 
(lie  Imsc  nf  the  carbonate,  and  the  arid  which  is  empIojH 
to  dornmpose  the  carbonale,  are  capablr  of  fonainK  I 
suluhic  compound,  the  carbonate  is  completely  disMliW 
by  the  acid.  When  tlie  carbonic  acid  has  been  entinJf 
expulU-d,  the  Kuperüatiirutiuii  of  the  acid  solution  bjri 
monia,  cannot  rfPect  the  precipitation  t*f  thr  iiuoluUr 
ciirhonnte;  bot  it  can  neverthcirMN  produce  n  prccipilUk 
if  the  base  is  one  of  those  whose  sohd)le  salts  are  pnäf/^ 
tabic  by  ammonia.  This  precipitate,  however,  can  const«' 
only  of  the  base,  without  any  proportion  of  arid.  Byl^ 
rircumstancp,  the  precipitates  produced  bj-  al<:aline  cari» 
niitr.s,  are  disliD^iishcd  from  those  which  are  produced  b] 
all  other  alcaline  »altft  whose  acids,  like  curhonir  acÜ 
produce  itisoluMc  conipognds  with  earths  aiid  nii'CaÄ 
oxides.  When,  for  example,  a  solution  of  carbonate  W 
potash  or  of  Hoda  is  added  to  a  solution  of  chloride  u( 
liaritim,  of  chloride  of  cnlciiini,  or  of  any  otber  soluble  »ki 
of  hary tes  or  lime,  and  the  rcüultinff  precipitate  is  4\saoUti 
in  muriatic  acid,  the  siiperHaturalion  of  the  acid  solatini 
with  ammonia  does  not  reproduce  the  same  precipital»- 
But  if,  instead  of  carbonate  ofalrali,  the  operator  empWt 
phosphate  of  alcnlt,  to  precipilaie  the  barytic  or  calcarrMt 
»oliitioii,  then  the  precipitate  produced  by  supersaturatin; 
the  muriatic  acid  solution  of  the  tirst  precipitate,  with  i 
monia,  i»  the  identical  phosphate  of  lime  or  barytes  vUtb 
WHK  diKKolved  in  the  muriatic  acid. 

The  elTervrsccmc,  which  accomptinies  ihp  decompo«- 
tion  of  the  carlwnates,  is  not  accompanied  by  any  Ri) 
characteristic  odour.  If  they  arc  decontposod  by  dilottf 
sulphuric  acid,  and  a  fflass  rod,  moislene<l  %\ith  ammonia 
is  held  over  the  vessel,  scarcely  any  white  cloud.t  cui  If 
uh.fer4*cfl.  These  circujns lances  are  suflScicnt  to  dtst» 
piirtb  carbonic  acid  from  all  oth«r  CH.seou«  acids  «faid 
sulphuric  acid  expels  from  their  compounds,  witli  effem«> 
cence. — Many  insoluble  carbonates,  on  being  treated  vtfk 
muriatic  or  nitric  acid,  under  certain  circumstances,  pi» 
ducc  no  cffcrvescencr.  This  is  ptirtictilurly  the  case  wA 
the  native  compounds  of  carbonic  acid  with  majimesik  vd 
lime  (Bitterspar,  Dolomite),  and  «'ith  protoxide  of'a» 
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^Spstbeisenstein),  wtiid)  produce  scarcrly  the  slightest 
eflbirrsccnf'c  when  treuted  in  lumps  with  troncentralt'd 
muriatic  at^id;  yet  they  siilTur  dccuniposition  viUcn  the 
mixture  is  heated,  and  produce  an  effprvesecnce  wlicn 
exposed  in  a  pulverised  state  to  the  Hirid.  ('artionate  of 
hurytex,  particularly  tJial  nliicb  ih  tuuiid  uitlive,  i^  a  sub- 
slniice  nhicb  is  scarcely  affected  in  the  slightest  def^'ce  liy 
connxaoii  nitric  acid ;  but  as  suon  as  the  acid  is  diluted 
with  water,  Ilic  carbonate  is  d)S8olvc<l  with  eflVr^'esci'nce. 

I^iilion  is  incapable  of  decüiiipo.siiig  the  neutral  rarim* 
Dales  which  hare  a  fixed  alcali  for  buse.  Tbu  acid  carbo- 
nates oflixed  atcalies  are  converted  byit:;iiition  into  neutral 
rarbutialeA,  giving  up  udc  imrtion  ol'  their  acid,  but  rctaiii- 
ing  nilh  tirmnes«  tlic  other  portion.  The  carbonates  of 
liaryles  and  ütronüan  suffer  ignition  without  under^iiing 
decomposition.  The  carimnatc  of  lime,  on  being  very 
strongly  ignited  in  a  small  platinum  crucible  nrerlhe  spirit 
lamp  with  circular  wick,  losvs  only  a  small  portion  nt'  its 
carbonic  acid;  but  on  exposure  to  a  stronjrer  heat,  or  by 
beini;  .su bjectcd,  while  under  ij^uiltun,  to  the  action  of  a 
current  of  vapour  of  water,  it  is  deprived  of  the  whole  of 
its  carbonic  acid.  All  other  carbonates  are  deprived  by 
kMt  of  their  carbonic  arid ;  some  of  them  by  a  very  mode- 
fate  beat.  Acids,  or  oxides  which  play  tlic  part  of  acids, 
but  which  are  insoluble  in  water,  such  as  silicic  acid, 
titanic  acid,  tanlalic  acid,  )ien)xide  of  tin,  &c.,  cannot,  in 
ciiQst-qurnce  uf  tlicir  insolubilily,  c0ecl  the  expulütttn  of 
carlMnic  acid  from  the  carl>onnles,  while  in  solution;  but 
these  siibstanccÄ  are  caiKihle  of  expellinf.'  the  cari)onic 
acid,  w'.heu  subtnitlcd  to  fusion  with  the  alraline  carbo- 
nates. 

When  lilt!  rarlNinnti-»  of  alcalies  are  mixed  and  slroni;]y 
il^iiled  with  charcoal  powder,  they  suffer  decomposition; 
the  carbuDic  acid  is  converted  by  the  charcoal  into  carbonic 
o\ide,  which  Qies  offin  the  state  of  gtis. 

The  neutral  carlMUiates  which  are  soluble  in  water,  give 
a  strong  blue  colour  to  reddened  lituius  paper.  Even  the 
«ulutioiis  of  acid  carbonates  give  a  bluu  colour  to  reddoDcd 
litmus  paper,  but  the  action  is  weaker. 
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The  carbonutcs  ure  reudily  di-ttio^sbed    From 
sallis  by  cD'crvescinfT  and  disenf^iniur  aa  Inodorous  m| 
ou  b«inf;  treated,  uithor  in  a  dry  slate  or  in  solutiuD,  lf| 
acids  wbiuli  arc  soluble  iu  water. 


IX.    SILICIC  ACID. 

Pure  silicif  acid,  prepared  factitiously,  is  a  while] 
wbjcli  p-itK  bt!twv(rti  llu!  Ie(>tb.     It  octriirs  iu  a  ci 
state  in  nature,  constituting  ill«  mineral  called  Rock' 
tal;  it  nl.so  orcur»  in  a  massive  slate,  rrimiiii^  Quurtz. 
is  ihcn  generally  ol  a  nbite  colour,  but  Ütiä  is  olUii  al 
by  tbc  presence  of  rcry  eli]srht  traces  of  iron  or  manf 
Both  rock  crystal  and  quartK  scratcb  ^tas»  feebly  ;  but  tbrjj 
are  softer  tban  ibe  Diainond  und  .some  uf  llir  otlier  f^emi 

Silicic  acid,  iu  tbc  «tatc  iu  nbicb  it  occurs  in  ntttnit,ii] 
iniMduble  in  water  and  in  nearly  all  acids.  The  factitioiulf 
prepared  silicic  acid  i»  ali^o,  after  ignition,  iusolubk 
water  and  in  most  acids.  In  consequence  of  this 
bilily.  it  is  unable  to  expel  the  rarliouic  acid  from 
nates  in  «olution,  si>  tliut  it  proilucct  no  cffer\'e8rencr 
Much  »oluiioQs.  But  when  silicic  acid  is  exposed  «iiij 
ulcalinc  carbonutrs  tu  a  red  beat,  the  mixture  taäM,  u' 
tlie  »ilieie  acid  combines  with  the  base  and  cxiiels  tbe  cm- 
bonic  acid  with  effervciMtencc.  If,  therefore,  silicic  acidii 
druppetl  into  carbonate  of  jHitash  or  cailHtnatc  of  sudawhlk 
i^itetl  and  iu  a  melted  state,  the  solacion  cUerve^cea  ii 
the  same  manner  as  \vben  the  solution  of  an  acid  is  powJ 
into  the  solution  of  a  c;u'bonate. 

Of  all  llie  acids,  Hydroßtiortc  Acid  is  jhe  only  onebfl 
xvbich  the  i^itcd  or  the  native  pulYcri.scd  silicic  acid  cit 
be  dis.snlved  with  facility.  The  more  cortren t  rated  tbt 
aqueous  solution  of  the  hydrofluoric  acid  i»,  the  more  caatj 
is  tbe  dissolution  of  tlie  silicic  aciil  eltectcd.  When  th* 
hydrofluoric  arid  is  so  strong  as  to  fume  in  the  air,  it  pr» 
duce»  so  mucli  beat  on  dissolving  tbe  silicic  arid,  that  Ihi 
mixture  boils  S|X)ntancously.  None  but  metallic  T«Mtfc 
dare  be  employed  in  this  experiment.  Glass  must  nmr 
be  u«cc),  since  tbc  silicic  acid  xvbieb  eutcrs  into  the  caB|i*- 
sition  of  glass,  is  equally  attacked  by  bydrolltioric  acid. 
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Silicic  acid,  pfevious  to  i^ttioo,  or  at  least,  before  it  has 
bctiti  vcr)'  stroni^ly  dried,  is  often  ttli^btly  .süluble  both  in 
wntPF  and  in  acids.  When  silicic  iicid  19  scparntcd  from 
chloride  of  siliciiim,  or,  better,  from  fluoride  ofsiliciiini,  by 
decompositiDii  in  wntcr,  a  portion  of  the  xilitic  acid  dis- 
solves ill  the  water.  Tbe  rvsuItinK  sohilina  in  biiwe\rr 
qaite  tasteless,  and  totaJly  without  action  on  the  colour  of 
litmus  paper.  Tbo  presence  of  silicic  acid  is  detected  iu 
thU  .solution,  by  evaporatinv  the  liquid  to  dryness  and 
treating  the  dry  mas«  with  wntcr.  The  silicic  acid  tJieo 
reuiuixut  birbind,  in  a  atntc  of  inKolohility. 

The  dried  bat  not  i^ited  silicic  acid  is  readily  dissolved 
CD  being  ht^uled  in  a  solulioii  of  I'otaxh,  and  the  rt'äultiii|{ 
solution  does  not  gelatinise  upon  becoming  cool.  The 
dried  siliric  ucid  likewise  dissolves  with  ease  when  heated 
in  .«dutions  of  Carhonatc  of  I'otath  or  Cttrhoitute  of  Soda  ; 
but  the  solutions  so  produced,  stifien  upon  becoming  cold, 
to  an  opalescent  jelly,  which  is  so  much  the  thicker,  and  is 
pn>duce<l  xo  oiucb  tliu  quicker,  in  projMirtiun  as  the  .«'du- 
tioa  is  the  more  concentrated.  Solutions  of  pure  and  of 
carbonated  li\cd  alculies  arc  also  capable  of  dissolving 
the  ignited  silicic  acid;  but  the  ignited  ucid  is  diäsolvod 
with  much  more  dilHculty  than  that  which  has  not  been 
ignited. 

The  silicates  which  rootain  an  alcali,  and  have  a  great 
excess  uf  liiLsr,  are  .suluble  in  water.  The  more  .silicic  acid 
these  compounds  contain,  the  more  dilhcull  are  ihcy  of 
solution  in  water;  and  whou  they  contain  a  great  excess 
of  aeid,  ibey  are  quite  insoluble,  not  only  in  water,  but  in 
acidit,  excepting  always  ihe  lij  drotluorie  acid.  An  e\anijile 
of  an  insoluble  silicate  containing  a  great  excess  of  acid, 
is  afibidod  by  glass.  If  the  tixed  alcidinc  KÜicates  which 
contaia  a  great  excess  of  base  arc  dissolved  in  a  lan;e 
quantity  of  water,  and  the  solution  i.^  supcrsMturaie<l  with 
muriatic  acid  or  any  other  acid,  we  do  not  obtain  a  preri- 
pitute  of  silicic  acid,  bi*caasetJie  ulealine  sdiratr  di.s>(oIves 
in  the  dilutiil  acid.  But  when  the  acid  solution  \s  evapo- 
rated to  a  certain  degree  of  concentration,  and  is  then 
permitted  to  cool,  the  silicie  acid  separates  iu  tli«  form  of 
a  traus)>arent  jelly,  very  similar  in  appearance  to  tlu- jelly 
produced  by  cooling  a  solution  of  anitnaJ  glue  iu  boiliiig 
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water.  If  a  siliceous  jelly  of  Uiit;  description  is  raised  viA  I 
w»lfr,  the  ^rpHter  part  ol'ihe  silirtr  iicid  is  (Ie|Hisitin)  ii  I 
tlu?  funn  uf  iiiüuldhlr  ürlicate  llurkü ;  Ijut  a  piirliou  of  ik  I 
acid  redi!4Kulv(>.<(  in  tbe  water,  lb«  reaoun  of  which  is  tint  I 
euch  an  evaporation  as  that  spuken  of  above,  is  ootsifrl 
cicnt  to  ftlcct  tJif  complete  ilctouip('Si(iou  wf  the  diliwM  I 
alcali  bcld  in  solatioQ  by  the  acid.  If,  bovtever,  the  At 
ccous  jflly  is  evaporaled  to  pi-rftfl  dryncsK,  th«?  ilr\-  resirfw,! 
upon  bring  trented  with  water,  leaves  the  uholtf  uf  tkl 
aUicic  acid  undissolved.  I 

AVhcit  the  basic  alcaliae  silicate  coDiainä  n  KomenhilJ 
fSTcatPr  qiinniit)' of  .silicic  acid,  but  i.s  still  solublein  wik^i 
tlic  Kupt-niatumtiuii  af  the  aqiieouH  Holution  hy  rouriwi 
acid,  precipitates  a  portion  of  the  silicic  aciil,  in  liie  saa  I 
of  delicHtc  inMiiubIc  flocks,  uhile  another  purtioii  «if  ik  I 
silicic  acid  runiuin^  dissolved  in  the  iicid  solution.  Tlull 
solution,  upon  bein^  evaporated,  produces  a  jelly,  aud  dixt] 
nut  ^ivo  ap  the  whole  of  tbe  silicic  »cid,  unless  it  be  nv] 
poraled  to  perfeil  dr)ne.ss,  npon  which  the  sjhcic  aou 
remains  behind  when  the  dr^-  it'sidne  i.s  treated  with  watrt'l 
The  more  dilute  the  aqueous  solution  of  a  ba.<<ic  alcalintl 
silicate  of  the  description  allndcd  to,  the  less  silit  ic  acidii  J 
separated  by  supcrsa  in  rating  tbe  solution  uith  mnhaticj 
acid.  AVlien  such  a  solution  is  very  concentrated,  aii\ 
contains  n  pretty  lar^c-  proportion  nf. 'silirlr  acid,  the  litltifl 
is  separated  in  such  quuntity  on  ike  addition  of  muhalitJ 
acid,  thnt  the  whole  Holution  runs  into  a  thicL  liinip.       m 

'I'he  basir  compounds  funned  by  silicic  aciO  with  barrtod 
strontian,  and  linie,  behave  in  the  same  manner  sis  the  biflM 
silicates  of  alcalie»,  at  least  towards  acids.  Wheo  thcrl 
ure  Irealed  willi  luuriatic  acid,  they  t^ive  up  th«;  tcrcBirfl 
part  of  iht'ir  silicic  acid,  but  retaiii  u  portiuii  in  suluuM*! 
nlien,  too,  the  acid  Kolutiun  is  concentrated  by  evapo»! 
tioii,  the  silicic  acid  Ibrnis  a  jelly  ;  but  the  whole  qaaBtilj'l 
of  the  silicic  acid  ran  he  obtained  only  hy  eraponililf] 
the  Kolution  to  dryness,  and  treating  the  dry  residue  «rilkl 
vater.  J 

The  compound»!  formed  hy  silicic  acid  with  all  ottcq 
hsiVA  are  insoluble  in  water.  With  respect  to  tlieir  heJia-l 
vioar  towards  »cid.s,  they  may  be  divided  into  two  ela.<i>rt:l 
Some  of  them  can  be  decomposed  by  stieuger  acido,  (a  I 
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«sample,  by  concentrated  muriatic  acid;  while  others 
wilhstimd  ttic  notion  of  Ilic  stronfrest  acids. 

Thuxe  Kilirates  which  are  decüin|>0!table  hy  muriatic 
acid,  exhibit  different  phenuiuviia  during  their  deconipati- 
tion :  M'hen  the  finely  pulverised  compound  is  treated  in 
the  cold  with  concentrated  muriatic  acid,  it  is  often  dccom- 
ImischI  on  a  sudden  ;  a  great  deal  of  heat  is  disengaged,  and 
tiie  whole  mixture  nins  into  n  geliitinoiis  lump.  Il*  water 
is  then  adiled,  the  buses  which  wen-  previously  romhinrd 
with  the  silicic  »cid,  dissolve  in  the  water  in  the  »tule  of 
metallic  chlorides,  while  the  (rm^  Kilicic  aciil  remuin.s  behind» 
in  the  forui  ut  delicaip  Ituckü.  Tbea-  are  ii  iiumbi-rur  native 
silicates  which  are  particularly  remarkable  tor  the  manner 
in  which  they  suffer  this  »ort  of  decomposition,  lliey  ore 
callH  Xeolilrs.  01'  these,  it  is  the  7A-i>litr»  which  contain 
water  of  cr>'stalIisation,  which  exhibit  the  alMite  pheno- 
mena in  the  most  Ntriking  manner.  Il  is  remarkable,  that 
after  these  .tubKlances  have  Inn-n  i^itifl,  tlipy  are  in  most 
cases  no  longi-r  .tustx-plible  of  dccuDi|>o.sitiiiu  by  muriatic 
acid.— Often,  OD  the  contrary,  the  tiuely  pulverised  »ili- 
cateä  can  be  decomposed  only  by  a  prolonged  dieestion 
with  muriatic  acid,  on  which  occasions  they  prtnluce 
neither  a  {«lalinonx  lump  nor  a  jelly. 

'Die  silicate.^  which  withstand  the  action  of  acids,  are 
decomposed  by  alcalie».  The  silicate,  in  a  finely  pulve- 
rised state,  in  ipiitcd  with  three  or  four  times  its  weight  of 
carbonate  of  potash  or  carbonate  of  soda.  During  the 
if,iütion,  carbonic  acid  gus  is  expelled  from  the  carbouate, 
and  the  silicate  i.s  dtTumpowHl  by  the  ultali.  The  silicate 
and  pulverised  curbonate  of  idcali  arc  mixi;d  and  ignited 
in  a  platinum  crucible.  If  the  compound  contain  a  large 
jtroporliim  of  silicic  acid,  the  muna  ull'orded  by  the  ignition 
]:>>  liiM'd  ;  but  if  it  contain  only  a  small  proportion  of  acid, 
the  mass  is  a  mere  conglomerate.  The  ignited  mass  is 
afterwards  treated  with  diluted  muriatic  acid,  upon  which 
the  bast»  which  bad  been  in  combination  with  the  silicic 
acid,  dissolve  in  the  state  of  chlorides,  while  the  greater 
part  of  the  silicic  acid  rests  undissolved.  The  portion  of 
silicic  acid  which  dissolves  in  the  muriatic  acid,  can  lie 
obtained  by  cva]Miraüng  the  acid  solution.     It  forms  a 
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jolly  when  the  solution  is  at  a  certain  puint  uf  concenln* 
lion.  When  the  (x»mpoiind  submitted  to  examinati« 
coutaiii»  but  a  vcTy  «mall  quantity  of  silicic  acid,  itofia 
happons  that  tbe  ig:nitod  mass  dissolved  In  the  ililatd 
muriatic  and,  without  residue. 

Many  <itliruti-K  appear  at  first  lo  be  indecomposable  If 
acids;  but  when  tbciy  arc  i-xpi).srd  to  a  prolonged  digestiat, 
and  particularly  when  tht^  opemtion  is  pi^rformcd  with«^ 
pburic  acid,  dijtited  with  a  small  quantity  of  water,  Ikt 
docoinpaiitlon  in  fully  cflecled.  Kulphuric  acid  c-anbt 
made  to  decompose  nearly  all  the  silicate«  by  a  proloapJ 
digestion. 

A  few  silicates  are  susceptible  of  decomposition,  neitkf 
by  solution  in  ncidä,  nor  fusion  with  carbonated  alcaliK 
The  decomposition  of  these  compoumis  is  effected  by  Bii- 
In^  them,  in  a  Terj*  finely  levigated  state,  with  three  tiwi 
their  weight  of  pun-  poiaMh,  and  rxpo^in^  the  mixtare,  bi 
silver  crucible,  to  ignition. 

Of  the  siliceous  <omponnds  which  occur  in  nature,  tb 
following  con  be  completely  decoiuposed  by  muriatic  acÜ 


German  Harnes. 
1  Apophyltit 
S  Natrolitli 
3  Scolexit 


MbsoUUi 
Meisole 


i\  Aaalcim 
7  Laurnonit 
6  Kaliharmoton 
!)  Leiicit 

10  Elaeolith 

11  8udalitb 

12  Cronstedtit 

13  Ilvait 

14  Gehlenit 

15  ScapoUlh 

16  Tafelspath 

17  Nephelin 

18  Chabnsit 


EagU*k  Names, 
Apophyllito 
N'atrolitc 
Scolezito 
Mt>M>lite 
Mesole 
Analrimc 
liaumonite 

Potnxh-Harmotomc 

f-enrite 

lüieoltte 

Sodali  te 

Cronstedtite 

Uevrite 

Gehleuito 

Scapolite 

Tabular  Spar 

Nepheline 

Chaba«ite 


^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^^V         ^^^^^^^^^^^^^^1 
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Cfrmati  IVaiim. 

EntfÜMh  Namet.                          ^^H 

W  Pettolith 

Pectolito                                             ^^1 

2»  Okenit 

Okenite                                           ^H 

21  Davyn 

Dnvyne                                               ^^H 

IS  GadolinK 

Gadolinite                                       ^^| 

93  Allophan 

Allophane                                        ^^| 

2i  HelTin 

Helvino                                               ^^| 

2.'>  Datbolith 

Datholite                                            ^^| 

'X  Kotryotith 

Botryalilc                                           ^^H 

27  iJauyn 

llaiiyne                                          ^^| 

38  Ntt-tiaii 

Mogiaac                                       ^^| 

29  l^.tiirRtein 

Ijazuiite                                              ^^| 

30  Eudiatith 

Eudialite                                          ^^| 

31  Orthit 

Orthite                                             ^H 

32  KirselzinlLem 

Electric  Calamine                            ^^B 

U3  Uioptat) 

Dioptase                                       ^^1 

34  Mecrschanm 

Meerschaum                                       ^^| 

OT)  KieKi'Imaliichit 

Copper  Green                                     ^^| 

iH>  Sülbit 

Slilbitc                                                 ^H 

37  Epis  dibit 

Epiatilbitc                                       ^H 

11»  Uculandit 

Heulanditc                                      ^^| 

30  AiioTtliit 

Auorthito                                            ^^H 

40  Tilanit  (Spben) 

SpbcDO                                         ^^1 

41   PynismuIiUi 

Pyrosmalile                                    ^^| 

42  Crrit 

Cent«                                              ^H 

4:}  C«ru 

Allanitc                                           ^^| 

44  Uranpechen. 

Pitchblende.                                 ^^| 

The  first  named  34  of  tlu-se  coiapounds,  wben  pnlveriiwd         ^^M 

and  trratrd  with  muriatic  acid,  produce  a  jelly.     This  is          ^^| 

not  the  case  with  the 

last  ten.    Some  of  the  latter  can         ^^| 

only  Itc  romplclely  deromposod  l>y  muriatir  arid,  by  being                 | 

ver}'  tiarly  pulverised 

and  undergoing;  a  tunf;  continued          ^^J 

digestion  at  a  strong  heat.    Most  ut'  them,  thoagh  not  all,        ^^H 

withstand  the  action  of  acids  after  they  bare  been  i^niltd.         ^^H 

Sonic,  honevcr,  and  porticuJarly  some  of  the  lastoamtd,        ^^| 

can  be  decomposed  by 

acids  even  after  ignition.                           ^^H 

Tile  following  native  compoiimU  (if  silicic  aeid,  eitlier         ^^| 

withstand  tliL'  .'ii.tion  of 

dcidn  altogtrthL-r,  nr  an:  drcnm|HK(od         ^^H 

with  so  much  difficulty. 

even  when  they  have  been  pulvc-        ^^H 

rised,  that  tJieir  analys 

s  must  not  be  attempted  by  meatus         ^^1 

r 
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I 

of  acids.    It  ia  neecasary 

to  decompose  tliem  1>]^| 

1 

with  carbonat«  of  potash. 

fl 

■ 

Gennaa  jV«jw«. 

ETtglish  I^'antes.    ^H 

■ 

1   Frid.siiittb 

Felspar                         ^H 

S  Albit 

Albitc                     ^^H 

H 

3  RhyaroUth 

Rhyacolite             ^^^H 

4  Fctalit 

^^^^1 

V 

S  Spodumen 

Spudiuiiene             "^^^^H 

M 

6  N  ntronspodiimeD 

Soda-Spodiimene         ^H 

■ 

7  IiuUrailiir 

Labrador  l'V)spar,^^^H 

■ 

8  Andalusit 

Andalusito                ^^^^H 

■ 

■           9  ßarytimnnoton 

Rarytic-Harniotomc   ^H 

'         10  OUviii 

Otiviuu                          ^H 

p 

11  Prchnit  • 

Prehiiito                          ^^B 

13  R(»lhbriLunsicincrz 

Kvd  Manganose>ore    ^H 

13  Glimmer 

Mica                              ^H 

14  lA!piilu]i(h 

Lepidobtc                  ^^^H 

15  T«lk 

^^H 

16  Chlorit 

^^^H 

17  Pinit 

^^^H 

18  Ach  mit 

Acbmitc                   ^^^^1 

19  Amphibol 

Amphibole               ^^^^H 

20  Anthupbyllit 

Anthopbyllite         ^^^^| 

21   Pjnixcn 

^^^^H 

•ää  ÜiuUa^ 

DiaJtaK>->                   ^^^^| 

23  Schillerätein 

SchiUerspar           ^^^H 

24  Epidot 

^^^^H 

2.'j  Itlixxait 

Idocrase                  ^^^^H 

2(i  Granat 

Garnet                   ^^^^H 

27  Dichroit 

^^^^H 

28  !Staun>ltth 

^^^^1 

29  Smaragd 

Kmcrald                   ^^^^H 

30  Eui-his 

-i^^^^H 

31  Tuniiulin 

Tun  ruialine              ^^^^H 

32  Axinit 

Asinite                     ^^^^| 

33  Topas 

^^^^1 

ai  Ciiundrodit 

Cliundnxlitc             ^^^^| 

35  Ficrosmine 

Picrosmine             ^^^^| 

3«  Karpholtth 

^^^^H 

37  Speckstein 

^^^^H 

i 

^^^^ 
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38  SeriH^iitia 

39  BimitteiD 

40  Obsidian 

41  Pccbdtein 


EnifHuh  yames. 
S«r]>6iiliiiH 
Pumice 
Obsidian 
Pitclistono. 


To  these  beloQ^Gf  aiso  the  various  kinds  of  factitious  glass, 
and  the  compounds  which  are  tcnnod  faliic  gems. 

or  l\h'  Mliceotiü  coiii|>(>uiiiIk  which  wilhKtund  Uptli  ifio 
action  of  acids  and  the  fusiun  with  carlxmato  of  puluNh, 
and  which  are  decomposable  only  by  ipiition  with  pure 
potash,  only  thre«  occur  in  nature.    These  are  : 


Gemutn  Names, 

1  Zircon 

2  Cvanit 

3  Cymopban 


English  Names. 
Zircon 
Cyanite 
Gymophane. 


Bt-frtr»*  xhf  lilmrpifn;  KiUrif  arid  behave«  as  follows :  ft 
does  mil  dissolve  in  a  bead  of  mirrurusiuic  ,siU(,  i-vcn  when 
the  heat  is  very  tuns  sustained,  or  it  dissolves  therein,  if  at 
all,  in  extremrly  small  prnp<:irtion.  During'  the  ignition, 
llie  (lilii-ie  add  swiiiiH  in  th«-  ilujd  ^laiiü,  tiiid  ibrais  a  trans- 
parent inflated  mass,  which  cao  be  belter  observed  during 
the  fuKion  than  after  the  ruolinfc.  When  a  silicate  ia 
In^utiHi  with  niic:roeosmic  salt,  bcfon;  the  blow]ii|H%  tho 
base  dissolves  in  tbc  flux,  and  the  silicic  acid  swims  un- 
dissolved in  the  resulting  ^lass. — In  burax,  ou  the  eontran,', 
siliric  arid  dissolves  completely,  yet  very  slowly. — Willi 
sodn,  »n  chart  oal,  before  (he  blowpipe,  silicic  arid  fuses  to 
a  perfectly  clear  bead,  while  carbonic  acid  ms  is  disen- 
jfaired  with  etl'ervescencc.  There  arc  but  few  substances 
which  produce  a  Iteud,  by  fuHiim  with  sod»  before  the 
blowpiptr ;  and  of  these  substances,  silicic  acid  alone  pro- 
duces with  soda  a  transparent,  clear,  and  cotourlvsK  (fIhss: 
this  property,  thortTfore,  is  stronely  rhurarlcristic  of  siliric 
acid.  Even  when  the  silicic  acid  contains  a  small  «junn- 
tity  of  an  earth,  it  jtiilt  fuses  to  a  clear  glass  nith  soda. 
This,  for  exarajde,  is  the  rase  witli  felspar.  Iliil  the-  irioro 
earih  a  silicate  contains,  or,  lo  speak  more  generally.  Iho 
irrealer  the  proportion  of  any  non>atcaIine  base  whicli  it 
containn,  so  much  the  more  infusible  n  the  cumjMmnd 
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which  it  produces  with  soda ;  aud  this  is  partiralarktW 
case,  wheo  a  lat^:«  quantity  of  the  soda  is  cmploTcd 
(BbBZSLI  Ue :  Ueber  die  Jmoeadunff  des  Löihro/irs,  p,  IUI 


r 


SUicir  acid  is  disliognished  fVom  other  substances  br 
being  in.so)tihlc.  at  least  alWi^niitiim,  in  nil  arids  exceft 
hydrofluoric  nrid.  Its  rnmpoiinds  an^  di.stin;piishrd  fi 
other  sahsttinccs,  more  accurately  by  their  bchatio» 
iM-fore  t)ie  blmvpipe  with  nittrrocosmic  salt  and  soda,  thu 
by  any  other  character. 

X    CHROMIC  ACID. 

The  pre»enc«  of  chromic  acid  in  the  Chromaten,  «Itt 
these  arc  obtained  in  the  solid  state,  is  recoguiscul  bjr  ik 
folloviinir  rhaniclcrs : 

Dissolved  in  borax  or  inicruf;o.stnic  salt,  on  charcoil 
before  the  Bloirpiiie,  (hey  produc«  a.  ^Iass  which  acqmni 
both  ID  the  outer  und  inner  flame,  a  heaiitifut  enMnU 
^reen  colour.  TUit  4-4)lour  in  best  exhihiteil  when  thejdu 
is  cold.  It  is  to  the  prcseuce  of  oxide  of  cbrominm  tlui 
this  green  colour  is  attributable.  When  the  compood 
undrr  examiiiiitioii  coutuitis,  in  addition  to  chmiuic  add,! 
met.illic  oxide  capulile  alone  of  stroD^ty  colouring  ll» 
Uou'pipe  fluxvji,  the  gn-encolourwhiih  characterises  elm» 
niium  may  experience  considerable  modification.  (Bli 
ZKI.llts  :  Ueber  die  Amreiidung  dt»  LiUkroiirs,  p.  HO.) 

If  a  Chromate  and  a  chloride  be  ground  together,  mintEU 
u-ith  concentrated  sulphuric  acid  in  n  gloss  tube  closedtf 
one  end,  and  waniied.  they  etfer^-psce  and  discii^gif  airf 
gas,  which  tills  tlie  upi>er  [>art  of  tlie  tube. —  If  a  bramidi 
be  employed,  instead  of  a  chloride,  a  gas  is  diacayrf 
which  possesses  nearly  the  same  colour. 

Mingled  nith  Muri/itic  Aeid  and  heated,  the  chrotmtd 
disengage  chlorine,  which  can  he  distinctly  known  b^m 
odour  and  also  by  its  coluur.  The  experiim-nt  is  maiUil 
B  while  gla.«.i  tube  closed  at  one  end.  The  muriatic  idl 
acquires  »  dark  green  colourduring  the  process,  on  accoMt 
of  the  oxide  of  chromium  wliich  is  foniicd  and  dinsnlndii 
it.    W'he»  clironiates  are  heated  with  a  mixture  of  moräflt 
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add  and  alcohol,  the  reduction  of  chromic  acid  to  oxide 

of  chromium  is  effected  still  raore  rapidly;  the  solution 

imed  a  dark  gn!«n  colour,  aud  diKens:ageM  cbloriiio 

T. 

The  chromaleji  in  sohttion  Rre.  detected  by  the  charac- 
terislir  »duured  pn'cijiitntcs  which  they  produce  with 
AuJutioQS  of  certain  metallic  oxides.  Tliese  precipitate« 
have  been  described  under  the  respective  metallic  oxides, 
in  the  preccdiDg  paces. 

If  solutions  of  Chromatis  are  acidulated  nith  an  arid, 
and  then  testiKl  with  LUjuUi  Siilphurftted  Hi/dro</ea,  the 
40lutiouK  changn  coU)ur,  and  Hiially  hecome  f^'evn.  .\fter 
flBmc  time,  sulphur  l>C);iuH  to  separate,  and  the  solutiuna 
apiK-ar  milky.  If  the  whole  be  warmed  a  little,  this  effect 
is  hastened.  It  will  be  understood,  that  in  this  experiment 
no  metallic  oxide  muitl  Im>  preiieut  which  can  be  precipi- 
tated or  chani^d  by  liquid  sulphuretted  hydrogen.— Tlio 
liquid,  filtered  from  lhe.<>ulpliiir,rontain.s  oxide  of  (-hromiiim 
in  solution.  I'pon  the  addition  of  ummonia,  th»  latter  is 
pn-ripitutt-d  with  a  Üj^ht  ifreen  colour.  A  solution  of  caustic 
potash  likewise  produces  a  light  greeu  precipitate,  which 
an  exce&a  of  tlie  caustic  potash  redissolves.  By  simply 
boiling  the  potash  solution,  the  oxide  of  chromium  is  a^-ain 
precipitated. 

W  XI.    ACIDS  OF  ARSENIC. 

^^_ji.  ArsbnicAciu. 

HHArsenfc  acid,  in  the  solnble  arseniates,  when  these  are 
presented  in  the  solid  state,  can  be  detected  by  Uic  follovr- 

»ing  experimenis: — 
Mingled  with  siKJa,  iind  healed  on  charcoal,  in  the  inner 
flame  of  the  Bloirpipty  they  derelope  the  well  knnttn 
odour  of  ji^rlic  whirh  characterises  the  vapour  of  metallic 
arsenfc.  Mingled  with  eharcoal  powdor  and  a  little 
tMiracic  arid,  and  heated  in  n  glass  tube  closed  at  one 
end.  they  deposit  on  the  cold  part  of  the  tube  a  mel:illic 
mirror  of  amentc,  tin;  pre^srnce  of  the  slightest  (race  of 
which  con  be  distinctly  recognised  by  tho  characlcristic 
odour  prnduci'd  by  heaU 

T»  solutions,  the  arsenic  acid  of  the  arseniates  can  I« 
delected  as  follows : — 


I 
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Li/ftäd  SulphvTettefl  Httdrotjen,  or  a  rurrcnt  of  Sd- 
phuTftted  Hi/droffCH  Gn«  produces  in  ^^i«Illlttte^d  solatiaM 
of  the  arseniates,  a  bright  yellow  precipitate.  The  Mb- 
tiiiiis  arf  lif.li  acidulated  by  miirialic  acid.  The  pircJpi- 
tale  '\»  not  pn^diiced  ittinx^diatt-ly.  hut  only  after  rpry  hue 
reposure:  the  reat-iion  is  haKlcued  by  mixing:  with  tk 
solution,  an  excess  of  liquid  sulphiirrtled  bydrogeii  uJ 
boiling  the  raixlure.  This  precipitate  is  easily  doluhlrii 
hyilnisiiiphtirot  of  ainmonia.  It  \ä  discriminated  by  llui 
character,  from  the  precipitate  prwliiced  by  liquid  nl- 
phurtrtteii  hydrojrcn,  in  .solution-i  of  iixidr  of  radmium. 

Ut/'lrviml/ihiirfrt  uf  Athhwrui  proiluces  no  prrripitatr  il 
solutioQ.'i  of  D«utral  arseniates.  But  if  an  acid  ü  ftddd 
1o  the  tnixturc,  and  the  best  acid  to  employ  is  mnriiK 
acid,  then  a  bright  yellow  precipitate  is  produced,  unlff 
diften^^rmrnt  of  sulphurt;tted  Itydrn^crn  ^a.s.  Tliis  pmi* 
pitat4%  hnwev<T,  docs  nut  apinsir  initnedialnly.  but  ilt 
pruductiun  is  hastened  by  the  appliealion  of  heat. 

A  .itdiilinti  of  iVt/r«/e  <)/"  SUrvr  pnnUire»  in  solaticHU«' 
arM*niat(>s,  a  lirmvn  prcripitate.  AVere  the  solutions  (f 
tlie  arseniate»  luid  ufthi;  nitrate  of  silver  both  neutral,  (he 
liquid  which  remains  abore  the  brown  precipitatr  rcdtU« 
litmus  paper.  The  brown  precipitate  is  easily  aolublcii 
free  nitric  acid  and  in  free  nninionia. 

Solutions  of  Chlwifie  nf  fitrrium  and  Chloritie  of  Calti^^ 
Limr.  Water,  and  solutions  »(Acetate  and  ^itrafc  of  hed, 
behave  towards  solutions  of  arseniates  in  the  sume  maooff 
as  towards  sulittiuii^  of  phuäphatcs,  excepting  (hat  är 
preäpi(atcä  of  ar»euiatc  of  burjtes  and  arsenialc  of  linr 
arc  much  more  easily  soluble  in  a  solution  of  sal  iiiniufliiiiir' 
than  the  correspondini^  phosphates  of  those  aurths,  whib. 
on  the  cnntrnry,  they  are  more  dilBrnltly  soluble  wkff 
thv  solution  contain«  free  ninmonia.  It  must  furOirr  k 
observed,  that  the  arseniate  of  lead  produced  by  pn«- 
pilntinp  the  solutions  of  arseniates  by  acetate  or  niln'i' 
of  lead,  behaves  befuro  tlieblouptpe  in  a  inaiuier  qwv 
diiTerenl  from  the  phosphate  of  lead.  Healed  on  rhamaL 
in  the  Ihime  of  tlie  Itlow  pipe,  the  arseniate  of  lead  ^ves  Mt 
a  thick  smoke  and  an  arsenical  odour,  and  i.s  reduced  t« 
metallic  lead- 
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or  the  prcccdiiiE;  cxpiTiiucnls,  llioar  with  tlie  blowpiiM: 
aod  liquid  sulphuretted  hydrog:eD  taken  to^ltier,  give  the 
most  dwisiv«  result.  As  to  tJic  latter,  it  must  still  be 
remarked,  that  it  is  jMssibIc  to  confound  the  {irecipilate 
produced  tiy  sulphuretted  hydri>(^n  gks  in  acid  xolutiuiiu 
of  a^eoiates,  with  tliul  pruduced  by  Üie  muac  reai^eut  to 
arid  solutions  uf  pt-ruxide  of  tin,  since  both  are  redia- 
sokcd,  on  the  addition  of  hydroäulphurotolutniiiuiiia. 

b.  AsttBNious  Acid. 

Tbc  sidlä  nf  arsenious  acid,  considered  with  i-espect  In 
their  Ucbuviour  witli  ccrtiiJti  reag^nt.s,  have  much  resem- 
blance with  those  of  arsenic  acid. 

■Wbri»  prejiem  in  the  solid  state,  if  mingled  with  soda, 
and  heated  on  charcoal,  in  the  inner  flame  oftbe  libwpipe, 
they  behave  precisely  like  the  antematojt,  and  produce  (he 
wrlUknown  udotir  ufiTEirlicMlüch  chnmctcriscs  the  vapour 
of  mrtallic  arseaif. 

Mioelcd  and  heated  with  charcoal  powder  and  bomcic 
Hcid,  ihey  exhibit  ibc  same  phenomena  a.'«  the  arxcniate-s. 

In  solutions  x^hich  have  btien  acidulated  by  an  acid,  :tnd 
bejit  by  muriatic  acid,  they  produce  with  Liqnid  Sutpku~ 
rHtetl  Hytiroyen,  or  with  a  current  of  Sulphureiud  Iltfifnyrn 
Gfu,  the  itamc  appearances  as  an;  productnl  in  sulution.s  of 
the  arseniates.  Nevertheless,  iu  the  present  case,  tin-  pre- 
cipitate is  otaderper  yellow  colour,  and  is  produced  much 
more  readily  than  in  ytiltilions  of  the  arseniates ;  it  is  even 
easily  formed  without  wanning  (be  liquid.  The  precipitate 
Ik  easily  soluble  iu  bydruttulphurct  of  ammonia,  and  in 
alcalies. 

Hydrottilphuret  of  Atnmouia  produ<reK  no  precipitate  in 
solution.'«  of  the  neutral  arseniies;  but  if  a  little  muriatic 
arid  be  added  to  the  uiixtun-,  a  diHeb»rge  of  sulpl.urctted 
hydrogen  gas  takes  place,  and  a  yellow  precipitate  is 
produced. 

.\  Milntion  of  .Vitrale  of  SUeer  produces  in  solutions  of 
arscnites,  a  yellow  precipitate.  By  means  of  this  reagent, 
therefore,  ibe  HrM'uiti-K  can  be  well  dislinguishcd  from  tlic 
arseniates,  uith  which  the  nitrate  of  silver  produces  a 
Itrown  precipitate.    On  account  oftbe  colour,  this  yellow 
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I>rc<:ipitate  might  be  confounded  witb  the  yellow  precipitin  I 
whii-h  sohilions  of  oxide  of  silver  produce  in  sülDtioBarf| 
pbDspbiiles ;  more  I'SiwiiaUj-  as  both  ol"  tliese  prrctpittti 
an*  xotuhle  iu  free  animoDia.   Yet  ibc  precipitate  prodund 
ill  sohiliims  of  an<rnile.-<  is  distii)£iii^bp<l  from  that  fonnri  j 
in  aulutioQi«  of  phosphates  by  bcipg  luurc  easily  stitllMti 
w«ak  acidä. 

SuhitionK  of  Chlitrifte  of  Barium,  of  Chhridt:  nf  QtaimA 
and  of  Frff  Lime,  produce  in  M)lutiuiis  of  tlir  anenlt^l 
white  pr<.'d pilules,  which  arc  pretty  easily  »ulublc  ii  ij 
solnlion  of  mtiriato  of  ammonia,— Solutions  oX  Actt^mAX 
Nitrtile  of  Lead  also  profliice  wliite  precipitates. 


C.    NON-METALLIC  BODIES. 


I.  CniiORTNE  IN  CHLORIDES. 

|p  the  chlorides  are  presented  in  the  solid  state,  tliey  oil 
be  recognised  by  the  following  character» : 

When  uiivt-d  with  conctrntralttd  Sulphtrnc  Add  ai\ 
warmed,  they  elTcrvesce  and  disengagL>  miirintic  acid  gw;! 
and  »hen  a  glass  rod.  moistened  with  liquid  aiiimuoia,  aI 
held  over  the  niixttirc,  white  Tapours  are  forinvd.  AdmI 
the  soluble  chlorides,  there  are  two,  however,  with  kIrU 
tluH  t.^  not  the  cast.- :  Perctiloride  of  nii>rciiry  Ls  not  docotl 
posed  by  sulphuric  acid;  andprotoehloride  of  tiiidisoudif*! 
the  sulphuric  acid. 

Mingled  with  Peroxide  of  Munganese,  or  with  RtdA 
BrotDK  Oxide  of  Lead,  and  with  conccDtruttnl  sulnhwl 
acid,  they  disengage  chlorine  gas,  which  is  detected  h%*\ 
characteriKtic  odour,  or  when  it  is  jintduccd  in  ^n*v\ 
quantity^  by  its  action  on  moixtcned  litmus  paper,  whirk>[ 
bleaches. 

Before  the  Blutcpipf,  the  chlorides,  accordine  to  BlU^I 
Lius,  arc  detected  by  adding  a  small  portion  to  a  t^l 
previously  formed  by  fusing  deuto<cide  of  copper  '*^\ 
microcosmic  salt,  and  exposing  the  whole  tu  tbe  btonf  I 


I 
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flame;  which  theubrcoucriofu  blue  colour.  (Brrzblius: 
Ueber  die  Aitwenduaff  de*  Lithrokra,  p.  108.) 

In  ihctr  solutions,  the  chloridps  arc  rpcnpniwd  by  the 
white  prccipitale  Ihey  prmiucc  with  a  soluliim  »if  Nitratf. 
of  SUvtr.  This  i>re(-i|>ita(e  appeitrs  ilocculuii  I  when  in 
jn^at  quautity.  acquires  a  dark  violet  colour  at  the  si]rr»i'o 
who'll  exposed  to  llic  action  of  light,  is  insoluble  in  diluted 
Ditric  acid,  but  very  easily  dissolved  on  the  addition  of 
caustic  amuionia.  Ry  the  fonnation  of  this  preripilatc, 
the  presence  of  rhiorides  in  soliiliun  is  verj-  rasily  de- 
tected. 

II.    »HOMIM-]  l\  nUOMIDKS. 

Bromine  in  tlitr  bromides  is  distinguished  by  the  Ibllowin^ 
characters : 

Before  ifac  Blmcpi^te,  a  bnantde,  when  added  to  a  bend 
furmi-d  of'microcosmicsall  luid  oxide  «if  copper,  and  heat»d, 
pivcs  a  Mil«  rohtur  to  the  (lame,  just  as  is  the  cjise  tvith 
chtorkle«  under  the  same  circumstances:  yet  Ihe  colour 
which  is  comniunicsted  to  the  llnme  by  the  bromides,  tc:ids 
more  tu  greenish.  (Brrzeliuk  :  Uebrr  die  Antnt-Hdaiuf  des 
Löth^Tx,  p.  109.) 

When  the  bromides  are  bculed  with  concentrated  Sul- 
phuric Aeid  in  a  glass  tube  closed  fit  one  end,  they  discn- 
pige  gsacoüs  bromine,  which  fills  ibc  cold  part  of  tho  tube. 
This  gas  is  easily  rerof^ised  by  its  yellow  colour,  which 
resembles  that  of  nitrous  acid  gas.  It  cau  Iw  .seen  %-cry 
well  by  ilaylifihl,  but  not  so  well  by  caudleliKbl.  There  are 
produced  at  the  siime  time,  in  this  experiment,  .sillphurrms 
acid  and  liydrobromic  acid.  Some  of  the  bromides  cannot 
be  decomposed  Jn  this  manner  by  sulphuric  acid,  fur 
example,  the  perhnmiide  of  mercury. 

In  solniton,  the  bromides  are  dbicovcred  by  beating:  them 
with  nilric  acid,  which  produces  a  discuRafa'ment  of  yellow 
vapours  of  bromiue  >;as.  >vbich  can  be  rcc<^t.sod  by  Ihe 
odour  and  (olour.  The  solution  is  reudercd  brown.  The 
addition  of  nitric  acid  to  the  solution  of  a  bromide,  pro- 
duces no  change  of  colour  unless  the  niixtun-  is  lieated. 

Free  bromine  rommiini rates  to  SttircA  .sobilion  a  brown 
colour.    Solutions  of  bromides  act  in  the  same  manner, 
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yet  only  under  the  coiidilioiiä  uhicli  give  to  soliitioHrfj 
iorlidct  the  power  nf  prodnring  »  blue  toloiir.      But  iku 
bnmn  rnlniir  is  .so  Utile  chiinirlfristic,  ttiut  it  only  serrti 
to  disliiiifuixh  bromine  from  iodine. 

SnluliiiiiH  or  bromides,  like  solutinns  or  chlorides,  pro- 
duet!  iu  silver  Mtluliuns,   a  white    precipitate,    which  h 
insoliilile  in  diluted  nitric  add,  hut  soliitile  in  uroiaona. 
It  iH,  liowcviT,  morr  diifiniltly  sultihln  in  iimiuonia  tiM 
chloride  ol"  silver  is.      Solutions  of  bromides  product  ii 
Rolutions  of  pnitoxide  uf  mercury  n  white  or  y<>l1n«id , 
pn'cipilat«',  and  iu  wilitlions  of  protoxide  of  lead,  a  whi»| 
pn-i?ipita(i'.     The  Inner  is  disting;nif^hed  I'roni  precipiiniW, 
chloride  of  lead,  by  remaining  undissolved  tvhtrn  a  luy:  \ 
quantity  of  water  is  adde<l. 


The  best  way  by  which  the  analyst  ran  convince  hiinstlf| 
of  the  prcsentr  itf  bniniide.s  in  sulutioii.s,  i.s  l>y  means  of  Ac  I 
whit«  precipitates  allbritcd  with  »olutiotis  of  prutoxidc  ii\ 
mercur>-,  protoxide  uf  lead,  and  oxide  of  silver;  yet* 
rlih)rideü  produce  the  miuie  precipitatcit,  the  bminid««! 
be  eaitily  mislakon  for  chlorides.  The  one  can  be 
guisbed  from  the  other  by  boilini:  the  pnx^ipital« 
concpiitratcd  sulphuric  acid,  whereupon,  bromide  of  silm| 
disengages  vapouris  of  bromine,  while  chloride  of  siJref.i 
the  conlrarj-,  produces  mnriatic  acid  ftas. —  .SiitdtionK  i^j 
bromides  cannot  be  mittlaken  for  solutions  of  iodide»,  l] 
they  h(T  tested  with  slanh  and  nitric  acid.  When  iiMUdnl 
and  broiuide»  occur  in  Ibe  flame  solution,  it  ia  easy,  bjl 
ineiuis  of  the  starch  solution,  to  detect  the  presence  tfl 
iodine,  but  it  is  more  difficult  to  prove  lh»t  the  euinpci)tW| 
contains  bromine. 

But  when  the  compound  which  is  to  be  examin«!  tfl 
bromine,  is  inNohilile  in  water,  the  presence  «if  liromitw<*l 
best  detected  when  tbr  bromi<le  itt  treate<l  with  contit*] 
tratetl  sulphuric  acid,  in  tlie  manner  which  faax  he«] 
dc»Tibed  above. 


rODI  DBS. 


107 


III.    IODINE  IN'  IODIDES. 


\ 


When  in  the  solid  state,  iodine  ü  detected  in  the  iodides 
by  tbe  Ibllowini:  experiments : 

Before  the  Bfoirpifif,  according:  to  Berzklhis,  iodine 
can  he  detected  in  l\w  iodides,  in  tlie  itame  mannt^r  uk  rhli>- 
rine  in  the  chlorides.  0\ide  of  cupjier  is  dissolved  iu 
mirrorofitiiic  sail ;  a  portiun  of  the  iudid«*  is  »ilded  to  tlie 
iK-ad,  iuid  the  whole  is  heated  before  tlic  blow|)i|)e.  The 
flame  then  as^uuica  a  beautiful  emerald  green  cdour. 
(BEtt/.Bl.tt'i: :   Anttfendunq  tUa  Löthrohrs,  p.  IWll.) 

When  iodide.s  hto  heuled  wjlh  concetilratei)  Sulphuric 
Add  m  a  gla&i  tube  clo.<u^d  »t  one  end,  ihcy  ^\c  otit 
iodine,  whicb  lilta  the  cold  part  of  the  tul>e,  and  i.s  easily 
rccogniised  bv  it.s  elm rai-t eristic  violet  colour.  There  id  a 
simultaneous  discn^a$;emcnt  of  sulphurous  acid  ?as.  la 
this  Diaiiner,  even  those  compounds  of  iodine  and  metals 
can  be  demmpo-scd,  »hose  rorrespniidiiiji  chlorides  are  not 
decuniposatile  by  coiicetitratcd  stil|ilmric  acid;  ituch,  for 
example,  »»  the  pcriodide  of  menury. 

Many  iodides,  yet  only  those  whose  metals  hare  but  a 
ftlight  deiH'ec  of  afliiiity  for  iodine,  disengage  violet  vapours 
uf  i«idine  when  they  are  heated  to  redness  iu  contact  with 
the  air. 

In  .solutions,  iodides  are  rccocniaed  by  the  reddish  brown 
colour  which  is  prtHluced  ou  the  admixture  of  liquid  chlo- 
rine. WhcD  nitric  acid  of  moderate  streni;th  is  dropped 
into  KoliilioriK  of  iodidiu,  they  tiM-itme  yellow  :  if  tlit*  yellow 
»»lalions  are  then  heated,  they  hec«>me  re<ldish  brown, 
diMOCUSe  violet  vapourj;  of  iodine,  and  aßcr  cooling  de- 
posit iodiikc  in  little  black  span-^rles.  i'or  the  dctectiou 
of  ft  small  quantity  of  iodine,  it  is  iK-st  to  employ  a  solu- 
tion of  Slurcfi  in  hot  water.  Very  slight  trace;«  of  iodine 
ran  l>e  very  easily  discovered,  from  the  production,  by 
loraiiH  of  this  reui^nl,  of  a  blue  colour,  which  is  so  iuteDsi* 
when  Urge  quantities  of  imtine  areprf^sent,  that  il  ap|icars 
black.  When  a  little  starch  and  much  iodine  arc  in  the 
M>luüoii,  the  colour  prodtued  is  dark  «iven.  Hereby  it  is 
to  be  remarked,  that  it  is  free  iodiiii-  aluiie  which  prodiiiea 
a  blue  rotour  witli  stan'li ;  and  that  when  iodine  is  com- 
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binod  with  hydrog:i^n  or  with  a  mrta),  it  |>osscsscs  no  such 
property.  If,  therefore,  the  operator  wishes  to  detect 
iodine  in  the  dissolved  iodide-s  by  means  of  .start-it,  he  must 
add  nitric  acid  or  liquid  chlorine  to  the  sulution,  etifacr 
before  nr  after  the  admixture  of  the  sulutJou  of  starth.  U' 
litjuid  chlorine  is  used,  it  must  uot  be  added  in  excess, 
otherwise  the  blue  colour  is  destroyed,  as  soon  as  it  i« 
produced.  When  much  arscniouü  acid  is  present,  no  blue 
colour  is  ginnluced  liy  the  mixture  of  iodine  and  stanb ; 
but  it  can  Im;  nrnde  to  aj>{H.*ar  by  the  addilJon  of  u  little 
diluted  sulphuric  acid.  If  a  aolutiou  of  pen^hloride  of 
mercury  lx>  added  to  the  sotuttoii  of  an  iodide  in  so  great 
an  excess,  that  the  periodide  of  mercury  which  is  formed 
is  couijiletely  redisKulved  by  the  «xce.'^.i  «>f  ]>erehlüride  of 
mercury,  thr  resulting  solution  evhibits  no  blue  colour 
when  nitric  acid  and  solution  of  starch  are  added ;  nor, 
under  those  circumstances,  is  the  blue  colour  producible 
by  sulphuric  acid.  When  a  solution  contains  hydriodic 
arid  or  a  niiUallic  io<lide,  to|:ethpr  with  a  great  qnantity  of 
muriatic  acid  or  of  metallic  cldorides,  the  addition  iifstarrb 
solution  and  nitric  acid  produces  the  blue  colour  in  llie 
cold;  hut  if  the  luixture  is  boiled,  ihu  blue  colour  disup* 
pears. — ^The  blue  colour  of  iodine-starch  is  destroyed  by 
solntions  of  alcnlics,  by  sulphurous  ncid,  phosphorous  acid, 
sulphuretted  hydrogen,  &.i:.;  Imt  it  can  be  reproduciKl  by 
nitric  acid. — If  anexcHss  of  liquidchlorine  has  l>een  added 
to  (he  solution  of  mi  iodide,  or  if  a  .solution  rtmtains  iodine 
in  the  stale  of  iodic  acid,  the  addition  of  a  solution  of  starch 
only  produces  the  blue  colour,  when  a  little  protochloride 
of  tin  iti  also  added. 

Solutions  of  the  iodides  produce  in  solutions  of  many 
metallic  oxides,  prrcipiliiles  of  various  colours.  These 
bftTC  Iwen  describiHl  in  the  pni'cdin^  jia^es  of  this  sctiion, 
in  which  the  behaviour  of  the  metallic  oxides  towards 
reagentt  ha."«  been  taken  into  consideration.  Solutions  of 
iodides  are  lioni-ver  not  much  to  Im>  recommended  as  a 
reagent  for  metallic  o?iMes,  because  the  precipitates  which 
they  prnrlurr  arc  nearly  all  more  or  less  soluble  ID  HD 
excv>ss  of  the  precipitant. 
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ir  a  compuund  cunuiiut  iodine  combined  Mrith  a  metal, 
aod  if  tfac  compound  is  soluble  in  water,  it  is  best  to  detect 
llie  iodine  (horoiu  by  slan-h  soItUioQ  »nd  nitric  acid.  In 
the  same  manner  can  iodine  lie  delected  in  pvrry  xohition, 
even  when  it  in  arxompanicd  by  Mwcnd  (itlic-r  substances; 
nevertheleüK,  it  is  ncc^issary  to  bav»r  n-garil  to  those  sub- 
stances wliichcan  hinder  the  production  of  the  blue  colour. 
If,  on  tlie  cünirary,  tbe  rfim]>4iiind  which  is  to  be  examined 
for  iodine,  i«  iuKoluble  in  water,  it  ift  best  to  treat  it  with 
concentrated  sulphuric  acid,  in  order  to  discn^gc  tho 
viojri  g-iis  of  iiidinr.  It  is  proper,  in  this  ctise,  to  mingle 
the  substance  with  a  little  peroxide  of  manganese,  to 
hinder  the  pmduction  uf  sulpfaurons  acid.  If  the  quantity 
nf  iodine  is  too  small  1o  dii^euguf^e  distinct  vapours  of 
iodine,  the  operator  can  convince  himself  of  its  presence 
by  the  following  pmcCAs:  The  com]ionnd  is  mingled  with 
peroxide  of  manjcanesc,  put  in  a  Sask.  and  treated  with 
sulphuric  »lid.  The  ojK^THtor  tln>n  places,  in  the  empty 
part  of  the  flask,  a  pa|>er  that  has  liuen  smeared  with  a 
thick  srdution  or  paste  of  starch ;  it  is  best  to  secure  the 
paper  by  means  of  the  stopper  nf  the  bottle.  After  .some 
time,  thi.s  paper  becomes  blue,  even  when  the  Compound 
contains  only  very  slight  traces  of  iodine. 

IV.  FLUonrxE  in  fluorides. 

The  fluorides,  in  the  solid  state,  are  recognised  by  the 
roUowiUK  characters: 

A  pla»s  plate  is  covered  with  a  coat  of  wax,  by  first 
warmius  the  glas«,  and  then  mellinf,'  and  rubhinR  a  little 
wax  upon  it.  By  means  of  u  needle,  letters  are  Kcratched 
through  the  wax.  in  such  a  muuner  iui  to  make  the  j^lusn 
visible.  Tho  gla»»  plate  so  prepared  is  placed  over  a  pla- 
tinum crucible,  coutuinine  a  little  of  the  lluoride  re<:cntly 
minfiled  with  concentrated  «ulphuric  acid.  The  crucible  is 
then  so  caritionsly  wnrnied,  that  tbc  wax  is  not  melted ; 
uft»  a  short  time,  it  is  allowed  to  cool,  »nd  the  wax  is 
Kcratcbed  from  the  jtlu^s  plate.  It  is  then  found,  timt  a 
strong  corrofiion  of  the  glass  has  been  cITectcd  where  tliv 
letters  were  cot  through  the  wax. 
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If  a  platinom  crucible  cannot  be  had,  the  pulverised 
fluoride  is  mingled  with  sulphuric  acid  to  a  pap,  which  is 
laid  upon  a  glass  plate  prepared  with  wax,  as  before 
described.  After  the  action  has  lasted  some  time,  the 
mixture  is  washed  off,  the  wax  removed,  and  the  corroded 
characters  exposed  to  view.  But  for  this  method  a  greater 
quantity  of  the  fluoride  must  be  used. 

Solutions  of  the  fluorides,  if  not  too  much  diluted,  havcv 
when  sulphuric  acid  is  added,  the  same  corrosive  action 
on  glass. 


The  fluorides  are  very  eeisily  recognised  in  consequence 
of  the  poweriul  corrosive  action  which  they  exercise  upon 
glass.   They  cannot  be  confounded  with  other  substances. 

V.    SULPHUB  IN  SULPHURETS. 

The  sulphurets  which  are  soluble  in  water,  upon  being 
treated  with  an  acid,  disengage  sulpfaaretted  hydrogen  gas. 
If  the  solutions  are  not  too  much  diluted,  the  disengage- 
ment of  gas  is  accompanied  by  effervescence.  This  gas  is 
so  easily  recognised  from  its  well  known  offensive  odour, 
that  its  disengagement  upon  the  addition  of  an  acid,  renders 
the  detection  of  sulphurets  very  easy.  For  the  decompo- 
sition of  the  sulphurets,  it  is  best  to  employ  diluted  muriatic 
acid  or  sulphuric  acid,  and  not  nitric  acid. 

The  solutions  of  the  sulphurets,  which  contain  no  excess 
of  sulphur,  behave  towards  solutions  of  the  metallic  oxides, 
like  hydrosulphuret  of  ammonia,  the  habitudes  of  which 
have  been  described  in  the  preceding  pages. 
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Traa  Second  Part  contninp  a  description  of  the 

methods  employt^d  to  separate  from  one  another» 

and  todctcnnine  the  quiuititics  of  the  constituents 

|0f  compounds,  more  or  less  complex  in  their  con- 

I  stitution,  of  which  the  qualitative  examination  has 

[already  been  executed. 


The  description  of  the  methods  employed  to 
teflect  the  quantitative  determination  of  the  diffe- 
trent  substances,  is  so  arranged,  that  the  bodies 
\  which  are  called  Bases  come  first,  and  are  followed 
by  those   whose  compounds   pOKsesH  Acid   pro- 
Iperties.   Under  Potassium,  the  quantitative  deter- 
mination of  potash  is  described ;  under  Sodium, 
I  which  immediately  follows,  not  only  is  the  quan- 
[titative   determination   of  soda   described,    but 
)rocesses  are  introtluced,  which  have  for  object 
the  quantitative  separation  of  soda  and  potash. 


4 

And  this  is  the  case  with  the  whole  series 
simple  bodies :  first,  the  art  of  determining  I 
quantity  of  the  substance  itself  is  described,  a 
then  follow  the  various  methods  according 
which  the  compounds  of  the  particular  substai 
may  be  separated  from  all  the  compounds  {> 
viously  treated  of.  This  disposition  renders 
possible  to  find,  with  ease,  all  the  methods 
separation  which  an  operator  may  wish  to  a 
suit,  in  arranging  the  plan  of  a  quantitat 
analysis. 
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t.   POTASSIUM. 

(riHfiNtilalire  Estimation  u«  S«lpi/tlv  of  Paltuh.  —  Tb« 
quantity  of  pdUtssiuin  cuntiiined  in  u  iculislaiire  tu  be 
rxamincd,  when  it  tlocs  not  icqiiirr  1»  Ix-  äopiimtcd  from 
any  oilier  btusc,  \a,  in  mo»l  citso»,  e-stimatcd  »»  siiljiliiite 
or  carbouute  uf  |iota.-ib,  or  cli^  as  rhlorUle  ol  poUi-ssiuto. 
Frutu  tbc  weight  uf  these  sitlt^,  the  quantity  of  the  potas- 
sium, or  of  tlic  potash,  is  calculated  according  to  the  Table« 
of  Brrzklii's.  If  |M>tus.sium  )i«  contairieil  in  a  solution 
lu  sulphate  of  potash,  the  soliilion  must  b«  evaporated  by 
a  gentle  heal,  to  dr^ne;«»,  und  the  dry  rc^idne  muüi  be 
ignited  and  wci;E:hed.  The  e^aporittinn  can  1m?  liest  per- 
foitnrd  in  a  capsule  of  platinum ;  but  üben  snch  a  vcssii 
iit  nut  lo  be  hnd,  or  when  th<;  .solution  which  is  to  be 
evaporated  contains  iw)lh  nitrir  »ciil  :ind  muriatic  add,  ft 
eapHulc  of  porcelain  must  be  employed.  The  dry  mass  is 
Imnsferred,  as  accurately  as  pcjssible  and  by  the  help  of  a 
platinum  s|ialtila.  from  ihc  evaiMmtlinsr  ciipsiilr,  into  a 
small  counterpoiscil  ra[>sule  or  crucible  of  platinum.  In 
order  that  nothioK  n^^.V  he  lost,  the  evaporating  ve.ssc;I 
must  be  wH.<«hed  out  with  water,  and  the  WHäliiui;;s  added 
to  the  dry  uia>is  in  the  little  plalinuni  vessel,  which  must 
ibcn  be  exposed  to  a  careful  eTnpuration  until  the  »hole 
of  the  sjili  become»  dry. — Tlie  sulphatu  »d'  potash  iiirisl, 
however,  previous  to  its  ignition,  be  exposed  lor  a  pretty 
lone  time  to  a  .stroui;  heat,  in  order  diat,  vben  it  in  sulise- 
qiienlly  hcale^l  to  redtiL-s&.il  may  uot  decrepitate,  throufrh 
whirh  a  considerabk'  lo&s  might  be  oc4:ajiioncd. 
TART  It.  B 
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Conversion  of  Bhulpfmtc  of  PotaxA  into  nmtral  Sulphatt. — 
ir  tfacflolntion  r*mtaiiird  tin  rxrrxs  nr.siilphurin  acid,  the 
substance  obtained  by  tlie  evaporation  is  bi.Kiilphate  ofa 
pittash,  a  Mubstance  whirh  it  in  very  difTnuilt  tu  deprive 
of  excess  of  sulphuric  acid,  by  mere  i^nitioD  in  a  platinum 
crucible.  But  Bkrzkijus  has  painted  out  a  mrthtid  by 
which  it  can  be  converted  into  neutral  .sulphate  both  with 
ease  and  accuracy.  The  operator  first  e\jM>K(-s  the  salt  to 
a  gentle  if^iiition  ;  h»  then  places  in  the  |ilatiuum  crucible 
a  small  piece  of  dry  carbonate  of  ammonia,  supporting  it 
in  such  a  position,  on  a  piece  of  platinum  foil,  that  the 
cover  of  the  crucible  can  shut  but  InOHcly ;  he  tlien  applies 
a  strong  red  heat-  The  excess  of  sulphuric  acid  contained 
in  the  bisulphale  of  potash  easily  llies  off  in  an  atmospbeie 
of  carbonate  of  ammonia,  and  neutral  sulphate  of  potash 
alone  reinaios  behind,  nie  mass,  which  at  first  was  easüy 
fiisible,  is  now  very  difficultly  fusible. 

lÜKtimation  as  Chloride  of  Poiatsium. — If  potasäium  be 
contained  in  the  solution  as  chloride  of  potassium,  the 
solution  is,  in  the  same  manner,  evaporated  to  dryness, 
and  rhu  dry  mass  beali-d,  iu  a  little  couuter|ioise(l  platinum 
crucible,  to  incipient  redness.  It  is  absolutely  necessary, 
during  the  heating,  to  place  the  cover  upon  tliu  platinum 
crucible;  because  the  too  free  admission  of  the  air,  while 
the  maSK  is  strongly  ignited,  is  liable  to  cause  the  vola- 
tjlizatiou  of  a  portion  of  chloride  of  potassium.  M 

Trcatmrat.  of  ('iirhonate  of  Potash. — If  the  solution  coil-  ' 
tain  merely  carbonate  of  potash,  tliis  can  also  l>e  evapo- 
rated, and,  as  before  described,  ignited-  Hut  carbonate 
of  potash  so  very  easily  attracts  moiatorc  from  the  air, 
tliat  it  is  wry  difficult,  after  the  salt  is  ignited,  accurately 
to  weigh  it.  It  is  tlit-refon:  l>rtter,  previous  to  tlie  crapo« 
ration,  tu  add  muriatic  acid  to  the  .lolutioo  \  and  then  to 
calculate  the  quantity  of  carbonate  of  potash,  from  Iho 
weight  of  ihe  chloride  of  potassium  obtained.  The  opera- 
tor could  also  ilrst  evaporate  to  dryness,  ignite,  aiid  weigh 
the  carbonate  of  pota.fh ;  and  then  heat  it  in  the  platinum 
crucible  »ilh  iimriutic  acid.  AftiT  which,  upon  again  very 
cautiously  evaporating  the  whole  to  dryness,  igniting  luai 
weighing  the  residue,  he  would  he  enuliled,  from  the  weifet 
of  the  chloride  of  potassium,  to  correct  the  weight  iif  ttu- 
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catbonnff!  of  ]>otii.sli.  This  method,  however,  demand«)  a 
Ktx-at  deal  of  rimiiu.spfctinii:  tin;  murUitir  add  mii.Hl  be 
add(H)  to  the  rarl>nnafc  of  polaiili  in  the  smallrst  possible 
qiianiities,  in  order  that  no  .«tpirtinf:  may  l)c  produced  by 
the  consequent  extrication  orcarlmnic  acid  ros,  for  a  con- 
nldcrablv  loss  might  be  thereby  produced.  While  the  acid 
is  added,  the  crucible  must  be  covered  with  a  concave 
Iflass  cover.  Ilmt  notbiuK  iiuiy  be  lojui  during  tbe  elTcrves- 
oence.  ADer  saturation,  the  ^lass  cover  muttt  be  washed, 
the  wagfajn;pi  added  to  the  stiltttion,  and  the  whole  cau- 
tiously evHporated  lo  dryness. 

Estimfiiion  us  Nitrate,  of  Potasli. — If  the  solution  contain 
potash  in  combination  with  nitric  acid,  tlie  äoluiion  »lust 
lie,  as  before,  evaimrated  to  drynesa.  The  dry  residue, 
however,  must  aftcr>vards  be  exposed  to  only  a  modemte 
d^^ree  of  licat,  to  a  teuipcraturc  not  much  exceedin;;  that 
of  boilinfT  water.  Tt  must  be  kept  :it  that  leroperature  till 
it  lie  found  that  the  weight  is  no  further  reduced  thereby. 
The  nitrate  of  potash  nuLsl  never  be  healed  till  it  fuses, 
because,  by  (oo  loni;  a  fusion,  it  is  capable  of  boini;  partly 
ileromposed.  If  the  nilrale  of  potash  contain  small 
qunntities  nf  or^anic  substances,  (he  heated  mixture  de- 
tonates in  tonseiiuencc  of  the  dei'iuniiosition  of  a  portion 
of  the  nitric  acid.  Part  of  the  mass  can  in  that  case  be 
easily  projected  from  the  cnicibic  and  lost. 

Separation  froTh  Acuts  whieli  are  soluble  in  Alca/ini.~-lt 
the  potash  be  combined  nith  any  other  acid,  itä  quantita- 
tive delermiuiition  must  be  ellectrd  after  methods  which 
will  be  rircumstiuitially  described  hcreafler.  We  .shall  in 
thi^t  place  describe  merely  that  process,  according;  to  which 
it  can  take  place,  when  the  acids  with  which  it  may  be 
combined,  are  in  a  free  state  soluble  in  spirits  of  n-ine. 
The  o{>eralor dissolves  the  compound  which  contains  tlie 
potash  in  water,  and  adds  to  it  a  solution  of  chloride  of 
platinum,  in  excess;  he  then  vcr)'  carefully  evaporiUes  the 
mixture  till  it  is  nearly  drj-.  During  the  evaptirarion,  a 
deposite  is  formed  nf  the  difficultly  soluble  double  chloride 
of  potassium  and  platinum.  This  occurs  too,  immediately 
on  the  addition  of  the  solution  of  chloride  of  platinum,  if 
the  solution  of  the  potash  sail  bo  not  loo  dilute.  The 
neftriy-dry  ma^s  i&  mixed  with  spirits  of  wine,  or  tlie  sohi- 
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tioö,  when  it  has  been  reduced  by  evaporation  to  a  Tery 
small  volume,  is  mixed  with  alcohol.  The  chloride  of 
potassium  and  platinum,  which  is  insoluble  in  spirits  of 
wine,  is  brought  upon  a  weighed  tilter,  is  washed  with 
spirits  of  wine,  and  carefully  dried.  From  the  wei^t  of 
this  double  salt,  the  qnantity  of  potash  is  subsequently 
calculated. — If  the  substance  containing  the  potash  be 
soluble  in  spirits  of  wine  or  in  alcohol,  the  operator  can 
add  directly  to  the  spiritous  solution  an  alcoholic  solution 
of  chloride  of  platinum ;  thereupon  the  chloride  of  potas- 
sium and  platinum  precipitates:  it  is  filtered  from  Ae 
solution  and  washed  with  spirits  of  wine. 

II.    SODIUM. 

Quantitative  Estimation  as  Sulphate,  or  Carbonate  of  Soda, 
of  Chloride  of  Sodium. — When  sodium  is  contained  in  a 
solution,  in  the  state  of  a  soda  salt  or  of  chloride  of  sodium, 
and  is  not  combined  with  another  substance  from  which  it 
is  necessary  to  separate  it,  the  quantitative  determination 
is  effected  in  the  snme  manner,  as  the  quantitative  deter- 
mination of  potassium.  By  the  ignition  of  the  neutral 
sulphate  of  soda,  the  operator  has  no  decrepitation  to  fear. 
If  it  contain  an  excess  of  sulphuric  acid,  it  must  be  treated 
with  carbonate  of  ammonia,  like  the  bisulphate  of  potash, 
in  order  to  be  converted  into  a  neutral  salt. — Chloride  of 
sodium,  like  chloride  of  potassium,  cannot  be  exposed  to 
a  strong  heat,  without  suffering  a  loss  by  volatilization. — 
If  soda  is  to  be  estimated  as  carbonate  of  soda,  the  opera- 
tion can  be  performed  much  easier  than  the  corresponding 
operation  with  carbonate  of  potash,  since  the  carbonate 
of  soda  docs  not,  so  rapidly  nor  so  easily  as  that  sub- 
stance, attract  moisture  from  the  air.  It  is  proper  to  heat 
the  carbonate  of  soda,  in  a  counterpoised  platinum  cruci- 
ble, until  the  salt  fuses. 

Separation  from  Potash. — When  soda  and  potash  occur 
together  in  a  solution,  they  can  be  separated,  according  to 
Berzelius,  by  the  following  process ;  The  operator  con- 
verts both  salts  into' chlorides,  and  evaporates  the  solution 
to  dryness ;  he  then  transfers  the  dried  chlorides  into  a 
counterpoised  platinum  crucible,  heats  the  whole  to  inci- 
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piciit  rcdnesif,  and  wcikIis  tlir  rcsulue.  Tht;  ati\\  a\*  ob- 
tained is  mixed  with  3i  times  its  ü^vn  weight  of"  or>'slallisod 
double  clilnride  of  ttoditiin  and  platiiiuni,  ntiich  quanlily 
is  L-xuctJy  sußiciviit,  Mi[)|>iisiti)i;  tiie  miLss  ol'  Milt  under 
examinatioa  to  consist  inurcly  of  chtoridt'  of  {iutits.fiiim,  to 
convert  the  whole  into  the  double  (.hlnridc  of  |>ota».<tium 
und  platinum,  llic  mixture  is  dissolved,  in  a  platinum 
or  porcelain  capsnte,  in  n  very  small  quantity  of  ualer, 
and  the  jtoliition  !.■»  (■»aporatcd  Iiy  a  very  gentle  heat  to 
tlrym-i«;«.  The  residue  is  mrxt  tn-atcd  with  spiritü  of  wine, 
containint;  about  <>0  pta-  cent,  of  alcohol.  This  di&solvos 
the  chloride  of  sodium  and  ttic  cxce^  of  chloride  of  .sodium 
and  platinum,  while  the  chloride  of  potasKiiim  and  pla- 
tinam  resulting;  from  tlie  double  decomposition,  remains 
behind  undissolved.  The  operator  brinys  it  upon  a 
weighed  litti^r,  und  whsIic»  it  with  .spirits  of  wine.  He 
then  dries  it  by  expoisurc  to  a  very  Rcntle  heat,  in  which 
it  tnuHt  so  long  remain,  that,  after  Ijci»},''  repeatedly  wciirlied, 
it  no  lou^'or  indicates  a  diininuliou  of  weight.  From  the 
weight  of  the  resulting  chloride  of  potassium  and  platiinim. 
the  quantity  of  chloride  of  potassium  contained  in  the 
mass  of  chlorides  from  which  it  wa.<i  sepnrated,  may  be 
learned  by  calculation.  The  quantity  of  chloride  of  sodium 
is  found,  by  deduelins  tlie  weight  of  the  elitoride  of  potas- 
sium from  the  weight  of  the  mixe<l  chlorides.  Tt  itc  ini- 
po.ssible,  in  this  analysis,  to  employ  the  simple  chloride  of 
platinum  vrith  the  same  success  as  the  chloride  of  t^odiuni 
and  platintim,  because  the  chloride  of  platinitu  is  very 
liable  to  \tv  decomposed  by  aleohoi. 

Should  the  <iperHtt)r  have  :t  mixture  of  p«)ta.>«h  and  soda 
in  the  Mtutc  of  sulphutcn,  it  is  acccsuary  to  convert  them 
into  chlorides,  before  attemptinir  to  .'^ejMiratc  them  by  the 
proces«  wo  have  just  described.  In  what  manner  this 
ci>av»rsion  of  suljihatcs  into  chloridoe  can  be  best  etfcctcd, 
«riU  be  described  farther  on,  ander  the  ht;ad  of  Sulphur. 


111.    LITHIUM. 

Quantitatixt:  Estimation  <i»  Sulphatv  of  LUhin. — AVhcii 
lithia  ha«  nnt  to  be  separated  from  another  bnsc,  it  ii: 
dctcniuncd  quuntitatively  in  (he  sume  manner  as  poiush 
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and  soda. — If  tbi-  iitfaia  is  uombiiietl  with  sulphuric  ul 
it  is  not  ncce.ssar)-,  as  it  in  witJi  ibe  sulphates  of  poM 
and  soda,  tu  add  carbonate  ol' ammonia  during  the  ifUIMI 
of  the  salt;  because  there  exist»  no  bisniphatc  oTIMi, 
aiid  if  an  excess  of  sulphuric  acid  accompanies  the  neolri 
sulphate,  it  is  easily  driven  off  by  beat- — \a  chluriiltrf 
lithitiiii  racily  dctiquc»rc5,  and  c^iiinot  on  that  arconlb 
urcuratcly  vtotebcd,  it  in  best  to  couvert  it  into  siUpfett 
of  litbia. 

Sefxrraliim  from  Soda  and  PoUith  fiy  Phnsjthatr  of  Siä. 
— When  the  (|uantily  of  liiliia  foiitained  in  a  solurioii 
very  small,  aiid  when,  abto,  il  is  accompanied  by  ai^ 
and  potash,  the  quantitative  determination  is  effected  tf 
Berzelivs  in  a  peculiar  manner.  (I'ucRBNDotnV 
Annalen,  Tb.  w.  p.  24(S.)  He  adrl.s  to  the  Kiiluiiun,{iv 
phosphoric  acid  and  pure  phuxi^atc  of  soda,  the  lattnt 
excess,  and  then  evaporate»  tlie  mixture  to  dryness.  WlA 
the  evaporation  ha^  redureil  the  lifpinr  to  a  certain  d(|n 
of  concent  ration,  it  becomes  muddy,  and  after  the  t» 
pletu  drjinf!  up  of  the  salt,  tJiere  remains,  upon  disMlnc 
the  mass  in  culd  water,  a  wbite  jHtwder.  Tliis  pu(i4> 
does  not  dissolve,  because  the  solution  is  rich  in  pU^ 
phatcof  äoda;  it  sinks  »lowly  to  the  bottom  of  the  nurtkd 
liquor.  It.  is  tillered,  and  Hashed  with  cold  'water;  J* 
tlie  washing;  must  not  be  too  Ions  cuntiniiod,  bccaaselk 
powder,  tiiough  in  a  very  idi^ht  dcgrtre,  is  soluble  inoM 
natcr.  Hot  water  dare  not  be  umployei]  in  washiiUE.  ■ 
it  di^tuoives  more  of  the  ponder  tlian  rulil  %v»ter  dm 
This  po\\der  is  the  neutral  double  salt  of  phositbiitr  tf 
sod»  and  phosphate  of  litJiia.  Il  must  be  dried,  ipaitii 
andwci^ied;  and  from  the  weitrht  of  tlit>  double  ^l,ilt 
()uanti(y  iif  tite  bthia  mtisl  be  calculated.  (IftU  aunti 
the  doubb;  salt  contain  I5,0t^  tilhiu).— It  is  alMtdiui 
neeeiijsarir-,  that  the  solation  from  which  lithiit  is  to  br  tki 
iKparatcd,  cuulain  no  <ither  bases  than  alcalics.  Ill 
moreover  necessarj-,  after  the  .satt  has  been  igtiited  i^ 
weighed,  curcfHlly  to  examine  it,  in  onlrr  to  he  fullv  «• 
vinced  titat  the  Kiibtitanco  thus  oblaineil  is  actuaÜv  Ai 
double  salt  alluded  to,  since  it  could  be  easily  coDfotnxid 
vrilJi  lIuMnstduble  compounds  formed  by  phosphoric  acd 
with  lime  and  magnesia.     According  to  BKRZELlt'ft,lk 
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Mm  way  to  dJstin^uisb  Üiv  |)hüsi)li; 
Tram  Üiose  coiupouadä,  is  to  tiiix  it  ^ 
and  brut  it  on  platinimi  foil  liU  it  fuses.  It  form»  Ihm  a 
dear  mass,  w  bich  upon  congealing  bccomcä  opaque.  Ttic 
earthy  salts  montioncd  above,  do  not  lusc  with  carbonate 
of  swUi.  If  the  I'xppriraent  be  performed  upon  charcoal, 
the  mettcd  double  .salt  and  the  carbonate  of  .tmla  will  be 
absorbed  by  the  charcoal,  but  Uiu  earthy  salts  will  remain 
upon  the  .surlace,  while  the  cartMoate  of  soda  alone  will 
Im>  absorbed. 

Separation  from  Potash  by  Chloride  of  Sodium  and  PUt- 
iinum. — >Vlien  UthJa  and  potash  are  to  be  separated,  the 
latter  in  prtTipilated  exactly  according  to  the  method 
Hhich  was  described,  when  In-atin^'  of  the  .separation  of 
soda  and  potash,  at  p.  S.  The  solution  which  is  filtered 
from  tl>e  chloride  of  potasstum  and  platinum,  I»  mingled 
U'ith  a  little  muriatic  acid  and  diluted  with  water;  tlieru- 
upon,  the  mixture  is  gently  heated,  till  the  greater  part 
of  tlie  alcohol  is  expelled ;  and  then,  by  a  »tream  of 
Kolphuretted  bydrug^en  giui,  the  cxcchk  of  platinum  is 
preeipitatcd.  The  solution  is  fdtcrcd,  and  the  sulphuret  of 
platinnm  is  quickly  waHhed  with  told  water.  The  filtered 
wilntion  is  wanin-il  till  it  no  hmper  .•irai'll.t  of  sulphuretted 
hydrogen,  and  the  lithia  is  then  precipitated,  in  the  atalo 
of  pbos|)]iate  of  Hodn  and  litliia.  by  the  process  which  ha« 
been  just  described. — The  solution  which  is  filtered  from 
Ibe  eblurid«.'  iif  potassium  and  platinum  can  be  analysed 
in  another  manner:  namely,  by  evaporating  the  wdutioa 
to  dryness  and  i^jniting  the  drj-  residue,  to  decompose  the 
chloride  of  platinum.  The  ignited  mass  must  then  be 
treated  with  water,  the  «olution  filtered  from  the  reduced 
platinnm,  and  the  lithia  precipitated  from  the  filtered 
solution. 

Stparation  from  Soda. — When  lithia  is  to  be  separated 
from  soda,  a  simpler  process  c^an  be  employed.  The 
operator  first  determines  the  weight  of  the  t»*o,  cither  as 
salpbate«  or  cartjonatcs,  ur  oven  as  chloride«.  Ho  then 
disfiolTCs  the  mt^ture,  and  precipitates  the  lithia  as  phos- 
phate of  sodu  and  lithia.  From  the  weight  of  lhi.>i  duuhle 
«all,  be  cnleidatr.s  the  t|unntity  of  the  lithia  .salt;  what  is 
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required  to  make  up  Ui«  ürigiii»!  weight,  is  llie  qaandl|ril 
ÜIC  »oda  salt. 

Scpnralhn  from  Soda  and  Potash. — WTlcu  aJI  the  ikil 
alcalies,  potash,  soda,  and  Iithia,  an?  contained  in 
solution,  and  they  are  to  be  «eparated  and  their  rmpednrl 
prt>]>i)rUoti>i  HSTcrtained.  tbe  operation  commences  witli  är  I 
detcniii nation  ul'  tbc  wcij^ht  of  the  mixed  salts.  Tbc  p( 
atih  is  Ami  prrcipitalvd,  us  chlnride  of  pt^lassimn  uJ 
platinnni;  this  doublest  is  weighed,  and  the  corrcdpdi^l 
in^r  quuntlly  uf  potash  i.s  calculated.  The  e^cv»  M 
platinum  n>iiiaiuin^  in  thi>  filten-il  solution,  \a  sepaMitl 
either  by  a  ciirrent  ol'  sulphuretted  hydrogen  gm,  or  hi 
evaporating  the  liquid  to  dryness,  and  igmtin«  the  til 
mass.  In  the  next  place,  the  Iithia  iä  precipitated«) 
pliospliate  of  sod»  and  liihia,  and  the  quantity  of  the  ltlb| 
iii  calculated  from  the  weight  of  thiK  precipitate.  Tbcqa»! 
tily  of  thr  .soda  contained  in  the  mixlun-,  is  to  be  iDfaaMj 
fruni  the  Iosn  of  weight  Mustuim-d  by  iho  whole. 


F 


r\'.    BARIUM. 

Qitantitathf  Esfimatioa  m  SnlphnU  nf  Iiftryta.—\v\ 
uubslaneoK  can  be  quantitatively  dctemiined ,  or  «cpuatE^I 
from  many  other  compuund.s,  with  m>  ninch  uccurari  «I 
barytes.  The  method  <d'  separation  consists  in  gradutHfl 
adding  tu  a  solution  which  cuntuiuK  harytcs.  diluted  iat-| 
phuric  acid,  so  lon^  as  precipitation  is  occitsioned.  TWi 
precipitate  is  sulphate  of  hiirytes,  which  is  complete!;  a-l 
soliiUU-  in  water  Hud  in  all  diluted  acid».  Tht-  precipiin] 
IK  wa.<ihcd,  gently  ignited,  and  weighed.  From  thewruiil 
obtained,  the  quantity  of  Iniryte.-*  is  ndntlated.  'niefltdl 
can  be  burnt  to  «shtrs  with  tbc  precipitate,  luiU  the  optft-l 
tor  has  no  reason  to  fear  the  reduction  of  the  sulphak'^l 
baryte.i,  l>y  the  charcoal  afforded  by  the  burnt  paper. 
\a  necessary  to  observ e  here,  that,  eilber  btffnru  or  nßertl(| 
addition  of  sulphuric  acid,  tht- solution  from  which  barr»! 
is  lobe  im^'ipitutcd  should  be  wanned,  niiil  farther, tU| 
tbe  filtration  »hould  uerer  be  commenced  till  the  precif»'| 
täte  has  »tmpletely  subsided,  and  the  su|iematajil 
lion  bei'ome  clear,     if  these  precautionnry  meusnre«  *■] 
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out  employed,  1lic<  Kiilphatu  ol'  bnr>-tC3  ri>mmonly  pas^s 
with  tlic  liquid  Uiruu^h  the  lilter,  am]  lurms  a  müky 
solalioD. 

EstimatioH  as  Car&atiaie  of  lian/tes, — Barytes  can  also 
be  quantitatirely  delcnnineil  ii-s  carWnntc  of  hurytcs.  yet 
this  melh«!  is  not  öusccptiblc  ol"  the  extreme  accoracy  of 
the  prect-'clinji,  bwauac  the  rarbnnale  uf  harylt-s  i.s  not 
quite  inMiluhle  in  water.  But  altliaufili  ttio  mirthMl  uf 
»epanitinii  as  xulptiatt.^  of  harytes  stands  far  Wfure  tliiM 
methoil,  it  is  ueverthclrss  itnptwsiblc  undor  particular  cir- 
cumstances to  precipitate  barytcs  otherwise  than  aa  cor- 
honate  of  barytcs.  In  thf  sn  casfst,  it  in  thrown  down  from 
■he  liquid,  by  a  M>hiti»n  nl*  carltoniite  of  tinimoiiia.  But 
lu  the  common  carlxmutc  uf  ammuniii  t.4  n  mixture  of 
caifoonatr  and  birarboimte,  anil  us  the  lattvr  would  pro- 
duce a  raur»  .soIuIiIl-  carbonate  of  barylcs,  the  prcciiiilion 
is  taken  of  addinfr  to  the  barytic  .wlution  a  little  caustic 
ammonia,  before  the  addition  of  tlu>  Holutioa  of  carbonate 
i»f  amnintiia,  and  the  whole  is  warmed  upon  the  sand  bath. 
TliecHrbonale  of  barytes  thus  precipitated,  is  washed,  but 
not  with  too  much  water;  It  is  then  dried,  ignnited,  and 
weighed.     It  loses  no  earhontt^  acid  daring  tbc  j^ilion. 

Sfjtarulion  from  A lealies.— When  barjtes  is  to  be  rM^pa- 
rated  from  alralies,  tJie  whole  comp<iund  is  diHSolved  in 
water,  or,  if  insoluble  in  water,  in  a  diluted  aciil ;  for 
which  purpose  muriatic  acid  is  best  adapted.  The  barytrs 
Is  tlien  prw^ipitatcfl  by  on  execs»  of  sulphuric  acid.  The 
solatjoo  is  hitered,  and  cvaporated  to  dryness,  and  tbc 
quniitiiy  of  the  iih:aline  sulphates  is  deterniineti  in  the 
maauer  which  has  l>eea  desrrilM.'d  above. 


V.    STRONTIUM. 

Qunntildtive  Estimation  as  StilpJiale  of  Strautinn. — Sul- 
phuric uctd  docs  not  precipitate  strontian  so  completely 
aü  barytcs.  because  the  sulphate  of  »trontion  is  not  so 
ccMupleli'ly  insoluble  in  water  as  tb»  sulphate  of  barytcj«. 
If,  bo»  ever,  sulphuric  acid  be  added  to  a  compound  in 
Dulution,  containing  strontian  and  an  acid  wluili  is  :iolii- 
blf  in  spirits  of  wine;  iinil  if  alrohnl  be  added  to  ihe 
luixluTc,  und  the  rcsuliiag   precipitate   be  waahtd  wlilt 


14  STBONTIUU.  ^^^^r 

Spirit»  of  wine,  then,  the  sulphate  of  struntian  will  te 
aoparaleJ  M-itli  ver^-  great  nccnracy,  since  it  is  tncapibk 
uf  being  di.'iwived  by  spirits  of  wine.— In  a  f^rcai  tuabil 
of  caite»,  however,  Ihe  analyst  i«  obliged  to  prcciptUcI 
»tronlian  by  siilptiiirir  ariil  fnim  aqiienns  solutions,  asii| 
example,  lu  the  cuses  wUviv.  iitberüullü  are  present  «Ul 
are  iasduMt  iti  spirits  ofwinc.  I 

EstimatioH  us  C'arboritttc  of  Strtmiinn.. — Aithon^  ärl 
qoantity  uf  Htruntian  cannot,  after  the  preceding  taeMl 
lie  dctcrminod  with  so  much  accuracy  nn  that  of  bai^l 
can  lie  determined,  in  simitar  circuuistauccs,  yet  is  Ail  I 
nicthofi  still  considerably  better  than  thnt  of  preciptta(D|| 
strontian  by  carbonate  of  muinonta ;  since  the  catbcnili  I 
nf  strontiaii,  like  the  snlphiite,  is  hy  no  moan^  iosdlttl 
in  %vater.  If,  however,  the  openiti>r  should  be  destlWUM 
fallowing  thß  latter  method,  he  must  add  to  the  solatiMi 
of  strontian  an  excess  of  carbonate  nf  aiiuiinniii  preiiooi^l 
mingled  with  a  little  free  ninnionia.  Heiuiist  tlicn  Mamlil 
whole  upon  t)ie  sand  batli,  6Itrr  the  precipitated  earbwA  I 
of  .strontian  from  the  solution,  and  wa^h  and  i^ttetl 
7\n  loss  of  carlMmie  acid  is  oeeasiuued  hy  the  i^iitioo.     I 

If  the  strontian  of  which  the  analyst  wishes  to  drifrl 
mine  the  quantity,  is  dissolved  iu  a  liquid  which  euntwl 
no  other  base,  tlie  best  method  of  proceedint;  is>  ^\ 
which  has  been  recommended  for  the  detemiiDaiiM  ^ I 
the  alralies.  I 

Scjmration  from  Bnrytes. — Strontian  is  often  s«panirfl 
frnm  buryti-s  by  (he  fotluwinK  process:  both  sutwtaiKal 
are  converted  into  chlorides,  and  the  mixture  i.s  igmitedoil 
wei);licd;  it  is  then  treated  with  viater-frce  alcohol,  is  wlliti  I 
the  chloride  of  strontium  is  soluble.  Nevt^rthelcss,  asA(l 
chloride  of  strontium  is  not  very  easily  soluble  in  water-fail 
alcohol ;  and  us,  on  the  other  hand,  the  anhydrous  chlotÜ'  I 
of  barium  is  not  entirely  insoluble  therein,  this  mpthnd»! 
not  much  to  be  reeimuucuded.  Bf.rzki.iuh  haw  OB  lti>l 
account  recommended  the  following  pmcess  (pocoEvI 
imirkf's  Annale»,  Th.  i.  p.  105):  Both  earths  nre  do- 1 
.solved  in  an  excess  of  muriatic  or  acetic  aeii],  aiid  In^J 
flnoüilicic  aeid  is  added  to  ihc  solation.  This  prtidastM 
precipitate  of  harxteK,  while  strontian  remains  in  KolntiHl 
in  the  free  acid,  in  (lie  stale  of  flaoridc  of  silicium  *tf*l 
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dtrontiam.  Tbe  precipitate  of  the  fluoride  ol  itilicium  and 
luiriuin  is  nul  hnniediatdy  drpnsiied,  but  exhibit»  itself 
aj'ler  sotin?  lime,  ami  lias  ihr  fiirm  i»f  liltii"  micrownpic 
rr)'9tiüs.  Il  must  be  %taslial  imd  dried  upun  a  JilLer  pre- 
viously weighed.  The  quaDtitv  of  tiarytes  is  calculated 
from  lio  weight  of  the  fluoride  of  silicium  and  barium. — 
The  filtered  liquid,  however,  still  retaiiis  in  solution  a 
rery  Kmall  quantity  of  tlie  fluoride  of  silirium  and  barium, 
h  is  ufcexaury  to  pnripilal«-  this  ptirtioo  of  barytc-s  by 
the  addition  of  an  exceedingly  suiall  quantity  of  sul- 
phuric acid,  of  which  the  operator  must  be  careful  not 
to  add  so  much  as  to  act  on  the  strontian  in  the  solu- 
tion. The  sniall  quantity  nf  sulphati'  of  harj'lcji  thus 
produced  must  be  filtered  from  the  solution,  washed,  g:efitl]r 
ienited,  nnd  weighed.  Prom  the  weight  of  the  .sulphate 
of  litirylrs  the  quantity  of  liaryte.s  is  calculated.  'Die 
remaining  Kolulion  iti  next  to  be  mingled  with  an  addi- 
tionn]  quantity  of  sulphuric  acid,  and  erapomted  to  dry- 
nciu;  the  dried  mass,  which  in  sulphate  ofstnintian,  is  to 
he  ignited  and  wei^he<l.  Frf>m  the  weight  of  tite  sulphate 
of  sirootiau  the  quantity  of  .ttiimtian  is  calculated. 

tSrfjnraUoH  from  vi/ra/i«.— Strontian  can  be  wpnrated 
from  the  alctUics,  citlicr  by  precipitating  it  by  sulphuric 
acid,  assiilphateof  strontian,  or  Ity  curboiiate  of  ammonia, 
asi  carbamate  of  Nimntian.  Tn  biitli  caxe.H,  the  precipitate 
must  be  washwl,  drii-d,  pcntly  ignited,  and  weighed.  The 
whole  of  the  atcalics  will  be  contained  in  tlic  solution 
Rltercd  from  the  precipitated  .<itrontian.  If  the  strontian 
has  been  precipitated  by  sulphuric  acid,  the  soluiiou  may 
be  evaporated  to  drjness,  imd  the  dry  mass  ipnited  with 
a  little  carbonate  of  ammonia,  by  which  means  the  nlcalie« 
are  reduced  to  the  stnfr  of  ncntnil  sulphatrs.  If  the 
strimtian  ha.s  licrcn  precipitated  by  cürboniile  of  ammonia, 
the  filtered  xolution  may,  in  the  oame  manner,  be  cvapo- 
rateil  to  drjoess,  and  the  dry  mass  be  i;;nited.  By  this 
pro<:eSM  tile  ammontacal  salts  are  volatilized;  (he  fixeil 
alcalies  then  remain  behind.  combine<l  with  the  acid  with 
which  they  were  combined  bcfure  they  were  .separated 
from  the  strontian-  This  presumes,  however,  that  the 
acid  was  not  one  of  those  which  heat  alone  i.s  rapable  of 
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Kcpnratin^  from  liases  and  destroying.  lu  this  caw,  tli| 
oiity  »etx-ti^iiry,  nl'ter  (lie  expulsion  of  the  ammonidl 
shUs,  to  add  to  tlic  rcmaindtr  a  little  sulphuric  add<ki] 
Hhich  raciiiis  the  alralics  arc  ci>nverted  into  äulphali« 


VI.    CALCIUM. 

Quantitiilirr  EstlmtilioH  ax  Sulphalt  ttf  £.imF.-~XAat  m 
Im-  ijuiuitiliilively  eKtiniuted  in  the  state  of  sutpluttr,  ifal 
pruccss  rccoinitivaded  in  the  cascof  strontian  Ite  ItiUmAl 
To  tlie  Compound  uf  lime  with  an  acid  which  is  m»1ii1MI 
spirits  of  wine,  («(ilphuric  ueid  and  ulcohul  intist  be  irfMl 
Tliu  sulpUiiie  of  liirn.-,  wliich  tbc.-rtfU|Hm  precipitates,  dr] 
be  liltercd   aud  \>iL:(bt-d    vitb  spirit«  iit'  wine,    in  «tei 
liquid  it  \&  insoluble.   It  ntu.st  aftenvords  be  ijnntctl.  Fna 
tlio  weight  of  the  rcsiiltin<;  sutpUato  or  lime,  the  qua&iii|| 
of  liiuc  is  learned  by  culculaiion. 

Precipitativu  of  Lime  hif  Oxalates. — Siippost*.  faonrntl 
that  (he  solution  containin;^:  the  lime  which   in  to  be  o» 
mati^l,  coutuiiiM  uIm>  uthur  »uhfitiinct^,  r.spL-cinlly  siiclial 
arc  insoluble,  or  but  difficnltly  soluble,  in  Hpiritä  of  «inl 
suppoKo,  tuo,  tbul  the.  lime  I>h  ('«imbined  with  hh  acid,llill 
which  it  prutluceti  a  compound  soluble  in  wutcr,  it  iiihal 
accessary  to  cfTccl  tlic  precipitation  as  follows:  Intlwta 
place*  U'  till'  Nolution  hi-  not  neutral,  hut  nci<1,  it  roofil  h 
«iMOCwhat  supcrsaturuted  nith  ammouia,  whitJi,  bowc« 
must  not  be  added  in  such  excess  as  to  occasion  pmip-l 
ta(ion.     T))(^  operator  must  tlien  add,  by  dogri-es,  to  ^| 
«olntion,  a:tolutiou  ol' oxalate  of  unimouju  or  «.if  fn-t-ouit 
aeid,  until  it  ccasca  to  produce  a  precipitate.     If  fr«e  niiirl 
acid  be  employed  as  the  precipitant,  particular  caic  ntfl 
be  taken  that  .so  math  unmionia  I>e  present  us  ia  stiffiddl 
tn  prevent  tlie  NohitJon  from  being  reiulercd  acid  1>J  A» 
addition  ol'  tlie  oxalic  acid.     When  a  neutral  solution  •*' I 
lime  is  to  he  precipitated,  it  is  merely  neci^Hsarv  to  eiai^ 
the  neutral  oxalate  of  ammonia.    The  precipitate,  n-faicka  I 
oxalate  or  lime,  deposits  itiieirbutälovily,  and  nias  ibiuyit 
the  filler,  and  produces  a  milky  solution.     To  prcvcutl^J 
mishap,  the  Solution  must  be  uamietl  Iiciore  it  is  filter«! 
üud  the  prccipilutc  allowed  Kuflicicnl  time  tr»  fuU  tolkr^ 
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tHittom.  The  liltcrintr  dar«'  nul  Iir  ImslMied, lor  the  Dxaliile 
oriimi*  n-ciuin's  u  c-tiiisiilcnilile  tim«  lo  subside  romplrlrly. 
Id  genvml,  it  U  pruiHT  to  allow  the  »inltttinn  to  n>nniin  un- 
disturlied  in  »wurm  place  fortwrlvc  hours,  or  c\cn  tonffer. 
Ixjlorc  ail  attempt  is  made  to  filter  it.  Tin-  oxalate  ol"  liinc, 
tbough  completely  insoluble  in  «»ter,  is  Nuhrble  in  acids  ; 
and,  indeed,  can  be  dissolred  by  oxalie  ucid.  It  is,  coiise- 
quentiy,  of  iuip<irtajice  to  iisccriain  whether,  aller  the 
precipitation  of  oxalate  of  lime,  the  solution  Teniiiin  ulca- 
lilte,  or  at  least  neulnil.  After  the  filterioK.  the  oxalate  of 
lioie  mnst  be  uell  washeil,  <triixl,  nnd  then  i.^iled  in  a 
platininn  cnirible.  There  is,  hereby,  a  pale  blue  flame 
exhibilfd,  whtrh  is  o«nnjr  t«  the  rondiii.slioii  of  the  carUmic 
oxitle  >;u.s.  pruduixrd  by  tlit'  decompobitioti  of  the  oxalic 
acid.  The  hot  mass  acquires  a  p-eyiith  colour;  yet,  when 
the  heal  is  inrreawd,  beromeH  nirntn  nearly  white.  The 
uxalule  uf  liuie  is  now  converted  into  carbonate  of  lime, 
which,  if  the  hcnl  employed  has  not  l««n  tmi  greiit,  will 
have  lost  none  of  its  rnrbnnir  uciil.  But  as  it  is  very  easy 
for  the  heat  to  become  so  strong  as  to  cause  the  disimtiagr- 
inent  of  a  portion  of  carbonic  acid,  it  is  proper  to  pay 
respect  to  this  cirrumötnnee.  The  carbonate  of  lime  must 
he  weighed  after  the  iunilion,  then  unifonnly  muixtcnud  in 
the  crucible  Milh  a  few  drops  of  a  concentrated  solution  of 
cnrbonatc  nf  ammonia;  after  which,  it  must  l>e  caufiuusly 
dried,  exposed  to  a  very  dull  red  beat,  and  afrain  weigbed. 
If  the  two  wciuhiii^x  cive  the  same  result,  it  is  n  proof 
that  no  carbonic  acid  v,a&  disengafred  during  the  ärst  igni- 
tion ;  hut  if  the  second  weighing  intimates  an  lacreasc  of 
wrishi,  it  is  ver)*  probable  that  this  incn'^asi^  has  arisen 
from  carbonic  ucid  derived  from  the  carbonate  of  umnirtnia. 
FroDi  the  weight  of  the  re^ultiDg  carbonate  of  time,  the 
(jiiiintity  of  lime  is  calcnlnted. 

Kslimaliim  ax  (^arfxmatr  of  Liaif,~—T\\e  following  is  auotlier 
luctliod  uf  precipitating  lime:  TIk'  operator  adds  lo  (he 
flilutcd  solution  of  lime,  a  solution  of  rarlMinate  of  nnimn- 
nia,  by  which  carbonate  of  lime  is  precipitated.  But  it  is 
necessary  lo  täte  the  precaution  of  adding  lo  the  solution 
nf  carlionate  of  ammonia,  befuri*  it  in  emploveil  to  precipi- 
tate the  lime,  a  little  cnuslic  ammonia.  AHer  the  prt-eipi- 
tution,  the  whole  tniiKt  Im;  alhiwnl  tu  digest  a  pretty  lonj; 


IS  CALCIUM.  I 

time  in  a  warm  place,  and  mast  not  be  ßltered  auäitl 
precipitiLti-  hni*  completely  fallen  to  the  bottom.  Tlir(»l 
bonatc  Iff  lime  .so  olitninnl  must,  iiSivr  <1r%-tftg,  be  lal 
feebly  if^ited.  or  only  slrODjrty  htatcul.  to  free  it  Iwl 
moisturtj;  il  iti  thi-ii  to  be  wei|<:lipd. — Bulh  the  prcoAtl 
mt!tli(Nls,  liowovLT,  :ire  imprarticublc,  when  the  Uatil 
combined  M'ilh  pliosptinric  arid,  or  ind(-(Hl  with  aaf  <6il 
acid  with  which  it  producer  a  compound  ibut  1m  insoWl 
in  water,  and  can  be  held  in  solution  uitty  by  an  adi.  I 
Sfptiratifin  from  Strontian. — To  soparate  lime  fron  atnm 
tian,  the  annlyst  niny  employ  the  following  methtwl, «Ml 
hiislHT<:iircconimciidedbySTRoMKVER(L'tt£f>r»«rAu;i5«ifli| 
die MUekang der  MiutraUiiJrper,X.  I.  p.7*>.}:  The  twotalrl 
are  precipitated  in  the  Matt?  of  curlHtnatcs.  and  wiMI 
frcnii  the  soluüon.  A  little  water  i»  poured  upon  ikal 
and  nitric  acid  ^adually  added,  till  the  whole  is  dlsmHril 
In  order,  howcrer.  to  obtain  a  solution  in  as  complMll 
stittc  of  nciitnilily  tLs  po8.siblc,  that  being:  a  point  altogcfcl 
QC(%>ssary  Id  the  »uccchs  of  thi»  operation,  the  aMl]<l 
must,  townnls  the  end  of  the  process,  not  only  add  fel 
nitric  arid  with  a  fp'cat  deal  of  pri'caiitinn,  bat  also,  ^1 
viouK  to  every  addition  of  fresh  acid,  warm  the  sahniil 
until  he  perceives  no  farllicractiou  of  the  acid.  'nieiMal 
why  the  liquid  must  bo  warmed  is,  that  when  the  aidllii| 
begins  to  approach  the  point  of  neutrality,  and  at  theavl 
time  is  not  very  dilute,  it  is  impossible  completely  to#l 
solve  the  earths  in  the  cold,  so  as  to  fonn  a  uenlral  snldtiKl 
When  the  Nolution  is  prr[>ared,  it  muKt  be  put  into  aAi^l 
which  can  be  well  chtitcd,  und  mu.tt  therein  be  ernpoat'l 
to  eomptcte  dryness,  whereupon  the  lla.sk  must  be  iv»! 
diately  closed.  When  the  saline  ma.S!t  is  cold,  the  npaMfl 
pours  up^m  it  about  twice  its  balk  of  absolute  alolWl 
chjscA  the  flask  inm]ediatcly,and  sliaLes  it  very  freqneoAtl 
At  the  same  time,  however,  he  must  carefully  aruid  dri 
application  of  hont.  The  nitrate  of  time  dissolTcm  ca-l 
pictcly  in  the  alcohol;  bat  the  nitrate  of  stronttan 
undissolved.  When  the  latter  has  complc^tclv  sul 
the  solution  is  pa.ssed  through  a  liller  which  has  bl^ 
weighed  ;  the  nitrate  of  strontian  is  then  broiifjht  upooM 
filter,  iind  nic^lird  wilhabsoliitr  alcohol.  Dnriiit;  filtf  tMl 
the  fimiiel  muät  be  eurcfuily  closed  with  a  giabs  pliM^ol 
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hinticr  Üic  atlraction  of  moiHture  from  the  air.  The  filler, 
with  the  nitrntr  iif  ülruiiliini.is  Ihori'iipon  drunl;  and  frciai 
the  neiglil  of  that  salt,  the  qaantjty  uf  Uic  »tronliaii  U 
calriilated.  For  ihe  sake  of  greater  certainty,  the  nitrate 
uf  ütrouLian  can  be  dLssoIvrd  in  walcr;  th«  äultiüoti  bo 
minded  with  sulphuric  acid ;  and  Ihr  whole  be  evaporated 
to  dryness.  The  dried  mass  can  then  be  heated  to  redness 
iu  B  eoontcrpuised  platinnin  cnicibl«  or  platinum  capside, 
and  «  eiphed.  Fnjm  tlie  weight  of  the  resulting  »idphatn  of 
strontian,  the  quantity  of  strontian  may  bo  calcuhitcd.— 
llic  nUoholic  solution  which  viaa  filtered  from  the  nitrate 
of  stronlian,  and  which  still  contains  the  nitrate  of  limp,  is 
now  diluted  wjlh  water,  and  healed  moderately  upon  tliu 
sand  bath,  until  the  whole  of  the  alcohol  ha^  been  driven 
away;  the  lime  Ls  thereupon  precipitated  by  oxalate  of 
ammonia.  The  oxidate  of  lime  thereby  produced,  is  treated 
in  the  maniKr  which  has  been  descrilwd  above,  llicre  is, 
however,  a  shurter  and  simpler  method  of  estimating  iho 
lime.  This  consists  in  addini^  sulphuric  acid  to  lite  alco- 
holic solution  tillered  from  the  nitrate  «f  stnmtian.  There 
in  then  prfxluced  ii  precipilatt'  of  sulphate  of  lime,  whirh 
requires  to  I«  waHhed  with  spirilüi  nf  wine. 

Stporatiox  from  Bart/ta  by  Ateohol. — To  .separate  lime 
fmm  li;iryleK,  the  analyst  has  the  choice  of  two  methods. 
Accordini^  to  the  first  of  these,  fae  L'onuneucefi  by  run- 
vertinp  both  carthfi  into  chlorides.  If  Ihcy  are  in  the  state 
of  carbonates,  he  adds  to  tbcm  an  excess  of  mnnutic  acid, 
anil  evaporates  the  solution  to  drynes»«.  Me  tlien  exposes 
the  dry  maiu!,  in  a  count erpoised  platinum  crucible,  to  a 
strong  red  heat,  and  afterwanls  weighs  it.  If  the.  .solution 
in  which  the  chlorides  were  dissolved, contained,  a.s  is  very 
ullcn  the  case,  mtiriate  of  ammonia  also,  the  cliloridcs  of 
barium  and  calcium  art!  freed  fram  tlie  latter  siiUstance 
by  the  i^itiun.  When  the  chlorides  have  been  weighed, 
tht^y  are  transferred  to  a  flujik  which  can  Ix-  closed  by  a 
»topper.  They  an:  therein  tn-ated  «ilh  »bsolulc  alcohol, 
in  which  the  chloride  of  calcium  dissolves,  while  the  chlo- 
ride of  Imrium  remains  nndisHolved.  When  the  alcoholic 
solution  of  cldorido  nf  calcium  has  been  filtered  from  the 
chloride  of  barium,  and  tlie  latter  has  l)ccn  wa.*J)ed  on  the 
filter  with  absolute  alcohol,  the  (iprrator  dilutes  tlie  (Utv.Kd. 
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solutiiiii  will)  water,  and  sently  heats  it  to  drire  avaylk 
alcohol.  The  Hmr  in  then  precipitated  by  oxalate  nf  i» 
monia;  und  Hit;  prtxipiliitrd  nxnliitr  »P  lime  is  trealrii 
till-  timnncr  which  has  liccu  (k'^itribcd  ubovv.  Tbc  bt 
can  also  1>o  gt^parntcd  by  a  simpler  process,  which  couw 
in  adding  sulphuric  acid  tu  th(>  iilcohulic  solution,  iM* 
u-iLshini;  the  sulphate  of  linic  with  spirits  of  vriue.  1^ 
rhtortdc  of  hiinitm, nhich  was  not  dis.solvi^l  hy  llie altnU 
is  to  be  dissolved  in  water,  and  precipitated  by  salf^w 
arid,  as  sulphate  oi'barj'tcs. 

Se/uinilion  frnm  ftart/tes  hy  SuiftAnrlc  Acid.^Hat  ik 
above  riiethud,  even  when  it  is  put  into  pmctiri;  with  pn 
care,  gives  no  very  arcuratc  n-sult;  because  the  chluri* 
of  I)ariuni,  uvea  «hen  it  ha.H  \h-vu  frot-d  from  its  *n» 
of  crystallisation,  is  not  altogether  insoluble  in  aluiibi 
aleohol.  liiere  is,  however,  another  mctluid  of  scpanttt 
lime  inna  barytes,  which  affords  a  more  arriimte  mat 
and  which  is  moreover  to  be  preferred,  innitniiicli  a.«  in 
tlioreby  qnitc  immaterial  in  what  acid  the  two  eulb 
may  be  dissolved;  as  it  is,  also,  whether  or  not  therk 
nocomgHinied  by  nIcalinH  salts.  This  method  coBSiBtt* 
diluting  the  solution  M*hich  contains  the  two  earths  wiAi 
lur^i-  (juaritity  of  water,  and  iJieu  adding  sulphuric  acUv 
loni;  as  it  prudaeeM  a  pn-eipitate.  'llie  siib.slaiirc  pnc^ 
(ated  is  sulphate  of  harytes.  As  for  the  sulphaleofliv 
which  is  produced  »t  the  same  time,  as  it  is  not  qn* 
insoluble,  but  merely  dißieultly  soluble  in  water,  it  msiiB 
completely  dissolved,  provided  tlie  solution  has  beenpr 
viou^dy  diluted  with  a  Huflicient  quantity  of  water.  Iftl* 
has  not  lioen  the  case,  the  precipitated  sulphate  of  bontB 
contains  more  or  less  sulphate  of  lime.  When  the  solnti* 
has  been  wanned,  and  the  precipilatc  has  completely  at- 
sided,  it  must  be  ßltered,  and  well  wasbod  with  wi« 
When  the  precipilair  eonta^ns  much  sulphate  of  lime,  ih 
wa.>ditn]B:,  on  account  of  the  ditücitlt  solubility  ofthe  Una 
must  be  continned  for  a  very  ton^  time.  The  object  isvt 
promoted  by  the  employment  of  warm  water,  becuusrii- 
phate  of  lime  is  nut  more  easily  soluble  in  warm  wiM 
than  in  cold.  AAer  the  sulphate  of  barytos  hag  bca 
thorouirhly  washed,  its  weight  is  determined.  The  fillcnJ 
solution  is  then  saturated  with  anuuonin.  aiid  the  üati 
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precipitated  by  oxalntc  of  ammonia.  Tbc  oxalate  or  lime 
IK  treateit  in  Ilit-  fnannemliit-li  )iiu<  bfpn  already  AescribeA. 
—"Whim  harylfs  is  si-panitwl  from  lime  according  to  ibis 
mctli(Kl,  liir  siilutiou  Irum  tvliicb  tlit:  barstes  is  precipi- 
tated by  sulphuric  acid,  may  be  acid,  since  the  sulpliatc  of 
l»»n,'teä  is  in3oIiil)lc  in  alt  dilutt'd  acid.s ;  but,  on  the  other 
hand,  the  solution  of  the  earths  dare  not  contain  free  ani- 
monin,  becaaso,  in  that  case,  the  sulphate  of  lime  would  be 
y  decomposed  by  the  cnrbonic-  acidof  ihr  jitmnsphcre, 
dd  Ciirlionuli-oriinie  would  be  p'aduulty  deponitt-d  on  the 
sides  of  the  vessel ;  id  cousequeace  of  which,  the  weight  of 
the  sulphate  of  barytes,  siipposinp  it  not  to  have  Ikti-h  prc- 
vionsly  tilUTudrrum  ihe  Solution  of  sulphaie  of  lime,  would 
be  apparently  increased.  If,  therefore,  such  a  solution 
contiiln  free  ammoniii,  it  muM  be  prcparalivcly  sui>crsa- 
turaled  by  iin  acid. 

Separatioa.  from  Strontian  and  Baryte«. — To  separate 
lime  from  strontian  and  bar>tes,  the  folIoMing  proccsii  is 
often  ailo])ted :  Tliey  are  all  precipitated  together  in  ibo 
state  uf  carbonates,  by  a  .solution  of  carbonate  of  ammonia, 
niin;;l(?d  with  a  little  cauHltc  umnumia ;  the  precipitation 
beiii<;  assisted  by  heat.  The  precipitHle  i.t  di.s.s(itvrd  in 
muriatic  acid ;  the  solution  is  evaporaled  to  dryness,  und 
ilie  dry  ina&H  is  i^niited.  It  is  then  treated  witii  absolute 
alcohol,  which  dissolves  the  chloride  of  stroutiuni  and  the 
chloride  of  calcium,  but  Inixes  the  chloride  of  barium 
undiüsolvcil.  The  alcoholic  solution  is  rjien  mixed  with 
water,  and  the  alcohol  is  driven  away  by  a  gentle  heat; 
lliereupon,  nitric  acid  it>  added  to  the  solution,  und  the 
whole  is  evaporated  lo  drjTiess;  by  which  means,  the 
rbloridefi  are  converttNl  into  nitrates,  which  can  lie  sepa- 
riiled  by  the  priM:e<(s  that  has  lun-n  ffiven  above. — It  is 
belter,  however,  when  the  operator  has  Ut  iumly.M-  n  solu- 
tion containing  the  three  earths,  (o  precipitate  the  barytes 
by  meaiu  of  hydnifluosilicic  acid,  and  to  mix  the  lilten*d 
solution  with  sulphuric  acid.  Upon  evaporutinj;  the  mix- 
ture to  dryness,  and  if^iting  the  dry  niasj,,  he  obtains  a 
mixture  i»f  .sulphate  nf  stniutian  and  sulphate  of  lime. 
Tbis  is  minuted,  in  a  platinum  cnirjldr,  with  three  times 
its  weight  of  carbonate  of  soda  or  carbonate  of  potash, 
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and  the  raixttire  is  melicd.  After  the  iusion,  waMij 
poarfd  nrer  tbe  melted  itiasN,  and  an  insoluble  siibsMBJ 
i<t  obtained,  wliirli  coHMiNts  of  carbonute  of  i«tmn(iuii'l 
carlHiuutu  of  liuii-.  To  separate  these  fi'oin  each  «AftI 
the  procesit  must  be  employed  wbicb  bus  bt-en  dcsctMal 
po^e  18.  I 

Separalitm  from  lAthia,  Soda,  a»d  Potash. — The  Mf*! 
tion  of  lime  from  tbe  three  fixed  atcalies  is  Teiya^l 
The  lime  is  precipitated  by  cxalntc  oP  ammonia;  Radtl 
5olutJnn  filtered  from  the  oxnhiti;  nf  lime  \s  e\-B.ponMill 
dryocss.  The  dry  masti  is  tranäfcrred  to  a  conntnpdril 
platinitm  crueible,  is  ii^ited,  and  weii^hcd.  By  thüpl 
cest.,  the  alcali  is  oblained  In  coinbinatitiii  with  tlieirfl 
witb  whicii  it  wa»  ciiiiibim-il  in  the  ori^iial  MtlutiaiikI 
being  supposed  that  tlie  alculine  salt  is  one  of  those  ^4 
arc  not  dc<^onipo!Mablo  by  heal.  If,  for  example,  the  Uim^I 
alcali  were  dissolved  in  mnrintic  arid,  tli<>  üJcaUoe^l 
stance  funiiähed  by  the  above  process  would  be  chluö^V 
potassium  or  of  soditnti.&e.  T!ie  ammuiiiucul  »alts  AfllMfl 
in  the  KiihiUtin,  hh,  for  rxtimplo,  excess  of  •»xiilate  otWm 
riutc  of  aiumoniu.  are  dcslioyed  or  rolatiti)M--d  duitetl 
ignition.  It  is  necessary',  however^  to  employ  madi  ^| 
caution  when  lime  has  bi>en  precipitated  by  oxalur*! 
ammonia  from  a  solution  containing  sulphuric  acid  or*! 
pbute  of  ammonia.  If  the  quantity  of  sulphate  of  uni*! 
be  con^idenible,  it  is  diflieult  to  avoid  a  lo.ss.  UpoillMMl 
heated,  the  äulphatc  of  ammonia  is  melted,  decfmi|MA| 
and  volatilized  \  but  while  nndergoiiifE  (bis  change,  ilifl 
terfi  about  very  much.  It  is  advi!tal>le  to  evaporslP^I 
solution  filtered  from  the  oxalate  of  limo  in  u  pretty  l«L 
platiiitira  irtip^ulr,  iiud  to  ignite  the  dry  uiass  in  tbeflii 
veAsel,  until  nearly  all  tlie  ammoniaeal  salts  are  *l>*l 
away.  Tlie  ulealiuu  sulpfaate  must  tlien  be  carei'uily  Utfl 
fcrral  into  a  little  counterpoised  platiinim  capsule,  nril»ff 
a  platinum  crucible,  and  the  last  purlions  moat  be  w»^l 
out  of  tbe  large  capsule  with  water,  and  poured  iutD^I 
little  capsule  ;  the  »hole  mast  then  be  cvttpuruled  to^l 
nesH,  heated  to  nrduess,  and  weighed-  Uiiring^  the  ifu» 
a  e>mall  quantity  of  carbonate  of  ammonia  vaxiSX  be  > 
ployed,  to  a«Hist  the  disenRaRement  of  the  excess  </ * 
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phuric  ac!il  wbich  may  Ih:  iirpseiit.  Hie  operation  it 
eSavied  neret'ol'ly  to  tlic  iiuttnictioiiü  ubidi  liavc  been 
given  at  page  G. 
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^^KQtutatilatire  Estimation  of  AJagnetui. — Tbe  quantitative 
seiMiniiiuu  uf  ma)pii>iiitt  \&  acoimpauied  by  nisny  dilficul- 
tH».  TluH  »iiib.^tiuicä  cannot  Xtc  ctilimated  u'iih  &o  much 
accuracy  as  the  substances  of  nhirh  wc  have  spokeo 
kithertii. 

EetugaiioH  *f  i^nlphtttr  vf  Maijnesia. — Whta  mafifOesia  is 
contttiueij  in  a  üulutioa.fruui  nhicltiiu  utiicrsubslancfi^to 
be  qiiantJlolivuly  separate«!,  und  which,  besides  loa^euia, 
contiiins  nn  oiKlt  fixed  conjttituent,  the  best  method  of 
pruccediiiK  in  to  evajwratc  the  fiiilutiuo  (u  dntiu-sm,  and  to 
ignite  the  dry  ma^ts  in  a  counterpoised  platinum  crucible. 
By  this  means,  all  the  nnmioniacal  shIik  which  the  solution 
may  contain,  are  driveu  away.  Sulphuric  arid,  pri^viiMisly 
diluted  niib  a  little  water,  i»  tlicn  poured  over  the  heateil 
mass;  tlie  wimlv  is  ajraiu  evaporated  to  dryni-Sfi,  and  the 
dry  niu.>u(  is  geitlty  iKitiled,  to  drive  away  the  excess  of 
sulphuric  acid.  Tho  subittaiioe  lel't  behind  iä  ucutral  sul- 
phate or  magn4»iia.  It  is  now  weighed.  From  the  weiftht 
of  this  salt,  the  qaantity  of  the  magnesia  is  calculated.  If 
fhe  uriieinal  solution  cunliilncd  sulphuric  arid,  it  \s.  o{ 
GOtirsc,  uunecefisary  to  saturate  the  dry  muss  with  this 
acid  aubscqucDtly  to  tlie  first  ignitioji.  Mlieo,  however, 
»ninmniaml  salts  tire  eontainiHl  in  the  solnliun,  the  sul- 
phurir'  ut'id  must  nirver  be  added  until  the  amiuuniacul 
aalts  have  heeu  driveo  away  by  heat.  There  would  other- 
wise be  Qiuch  sulphate  of  ammonia  produced,  which  is  a 
thing  that  should  be  avoided ;  for>  iu  consequence  of  ita 
melting  and  sputteriiig  about,  it  is  difficult  to  cxp«I  that 
salt  without  expelUof;  a  portion  of  the  fixed  substance  tu 
company  uitli  t(. 

Precipitation  by  Carbonatt  of  Potash  aad  Phmjikate  of 
Ammonia. — WbcD  a  aolution  contains  magnesia,  iu  com- 
pany with  other  fixed  substances,  ad  for  cxamptc,  with 
potash  salts,  and  tbe  maj^ncsia  alone  is  to  be  quantitatively 
estimated,  it  is  possible  to  precipitate  this  earth,  by  a 
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Holulion  of  cartionatc  ol'  polasli,in  the  state  of  caxbamk 

of  nia^csi».  Bin,  as  the  neutral  ciirbonatc  of  maf^K^, 
which  muKt  iiuceKSHrily  lie  pivcJpituteü  by  ueulral  o» 
tKinute  of  potash,  is  <1ec(im|iosed  by  water  in  snd  i 
luanocr  as  to  give  rise  to  Mearbonale  of  n)aguesia,«tel 
is  soluble  in  natcr,  the  operator  mu»t  tuLc  the  prec^iitil 
in  order  to  provide  ngaini^t  this  circo  Distance,  of  boJlf 
the  mapnpsian  solution  with  an  excess  of  carbonalr^ 
piitash.  Id  s\nU'-  of  the  boiling,  liouevcr,  u  Kmall  jMni« 
of  magnesia  conld  still  remain  in  solution.  It  is  bat 
therefore,  after  niixini?  the  magncsian  solntion  williAi 
rarbonatc  of  potash,  nod  boiling  the  mixturu,  and  ml 
after  the  precipitation  of  the  greater  part  of  the  raagaiai 
to  transfer  the  whole  into  a  porcelain  capxulo,  or  idl 
better,  ititn  a  platiiititn  capsule,  »mi  to  evaporate  ii.bf) 
Mron^vrhuat,  to  (Irj'neäs.  Hereby,  in  order  to  avoid  tili 
b)'  spirtini;,  (he  mas.i  must  he  stirred  »boat,  cäpccäl^ 
towarilü  the  fnd  of  the  upenilion.  Büiliii|r  water  is  ito 
want»  poured  over  tlie  dry  ruaiw,  which  leaves  carbow 
of  magnesia  undis.soIved.  This  solution  is  then  HlimA 
and  the  precipitate  is  washed  with  hot  water.  TbcmA 
ing  must,  if  possible,  be  continued  uninterruptedly  ;  ftl^l 
!>houid  not  t»ec»rriei)  on  too  lon^,  since  the  carbonate i' 
mugnesia  is  not  altogether  iusoluble  in  water.  It  ib- 
.solves,  however,  more  difiicultly  in  hot  wutnr  than  iunÜ 
uu  which  account,  the  water  employed  for  the  uaskat 
»hoald  be  ns  hot  as  possible.  When  the  washing-  haako 
»it  lon^  continued,  that  some  drops  of  the  water  wMdilv 
passed  through  the  fdter,  upon  Ijeing  e\a|H>rated  to  d^' 
ncss  on  platinum  foil,  leave  only  a  slight  Ktitin,  thectf 
iHiimt«  of  inaKuesiu  may  be  dried,  ifrniled,  and  wei^ai 
It  loses  its  curbuDic  arid  during  the  ijruitiun,  which.* 
that  accouut,  must  not  be  too  soon  ended. — The  twloti« 
liltered  from  the  carbonate  of  maijnesia  .still  n>tjün£asMi 
quantity  of  carbonate  of  niajpiesia.  In  order  tu  deleitäfl 
the  i|uantity  of  this  remainder,  a  solution  uf  phosphate^ 
soda  is  Ürit  added,  and  then  caustic  or  carbunated  am» 
nia;  and  the  whole  is  allowed  to  remain  qui<H  for  am 
time,  in  a  worm  situation.  There  is  produced  a  largff «' 
.smaller  quantity  of  subphosphute  of  an:moiiia  ami  aut 
iieäia,  which  subsides,  udcr  ^ome  lime,  as  a  cry&taliK 
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piTxipitntr.  This  substance,  accordini;  to  Bkrzklui» 
(  Lrhrhuch,  TIi.  1 1,  p.  fKI ),  is  iwrfrrtl y  iii.<toliiI>lc  in  «  solution 
which  coDtuiiLs  phosphate- of  ammonia ;  but,  inpnrenator^. 
il  liiuHalvPH  in  a  slight  depvc ;  the  n-ashing  must,  therefore, 
not  be  ton  1on^continne<1.  The  precipitate  is  subsequently 
dried  and  ignited.  Tliis  opcmtion  deroniposcs  it;  the 
water  and  ammonia  whirh  il  eonlainrd  ani  driTcn  away, 
while  neutral  pbojipbatc  of  ma^esia  remains  behind.  It 
is  uhukI  to  ealnilate  that  this  if^itml  precipitate  eontaiuH 
precisely  40  per  cent,  of  raaimesia,  allJiough  the  neutral 
anhydrous  phosphate  of  magnesia  contains  only  SG-GT  per 
cent,  of  maÄiif-sia.  Yet,  as  the  ci^-stalline  salt  is  some- 
what soluble  in  water,  and  consequently  t^uffcrs  a  loss  by 
the  wii.shing,  the  tnic  estimate  is  very  nearly  approached, 
by  suppQtiing  -the  ig^niled  gait  to  contain  40  per  cent  of 
lQa|i[nesia.  Tlie  quantitative  det«'rniinaiion  of  magnesia 
would  be  too  uncertain  were  the  uhoU;  to  be  precipitated 
an  subpboMphutv  of  ammonia  and  ma);nesia;  but  when  it 
is  first  precipitated  by  carbonate  of  potasli,  in  the  manner 
which  hii.-*  been  ilrscriUed  abo%'e,  and  the  traces  which 
remain  in  Kolulion  are  afterwards  precipitate«!  a.s  subplK>s- 
phate  of  annnonia  and  maencsin,  the  ignited  rcinainder  of 
the  latter  .sail  bciug  cakulatcd  to  couluiu  4(>  per  cent,  of 
ntairneflia,  wc  arrive  as  near  to  an  accurate  detcnninatinn 
of  the  quantity  of  magnesia,  a»  it  is  i>o.s&iblc  to  do  by 
any  p*»re.'h<  at  present  knowu. 

In  llic  precipitation  of  ma^esia  by  carbonate  of  potash, 
there  arc  several  precauljunnry  measures  to  be  observed, 
the  neglect  of  which  commonly  produces  ver^'  threat  errors. 
1  f  the  maf;nesian  solution  contains  a  rou-s-idrnible  quantity 
of  muriate  of  ammonia,  or  of  any  other  ammoniacal  salts, 
the  «rhule  quantity  o1*  magnesia  cannot  h*.-.  pnxripitated 
until  the  nmnioniaail  sails  are  totally  decouiposcd.  But 
this  lakes  place  only  when  an  excess  of  carbonate  of 
potash  hiu:  been  boiled  \«ith  the  uolution  for  a  cuosidendde 
time.  Wlien  the  solution  is  evaporated  to  ]>erfect  dry- 
ness, all  the  ammonia  vnlatitizcs  In  the  state  of  carbonate 
of  ammonia.  Hut  tboso  who  uro  unused  to  analytical 
labours  often  deceive  themselves  in  the  quantity  of  car- 
bouatc  of  potash  which  shoidd  be  added,  in  onler  to  sec 
whether  a  suDlcient  quantity  of  carbonate  uf  potash  hu.s 
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been  uddcd  to  the  ma^csiait  Solution,  the  nntwe  ■ 
heated  until  it  ceases  lo  give  out  the  odoiir  of  knm 
A  fn'sli  quantity  uf  carbonate  of  potash  i»  then  addc^ai 
the  H]tplirati(m  ur  heat  is  continuoi).  If  thJM  rrpredtt) 
the  didenira^emrnt  nf'thr  nminoniaral  odour,  it  shomlli 
a  Hufficienl  quantity  of  carbonate  of  potash  had  not  p» 
vioiisly  been  »pplJed.  When  the  dn*  mnss  prodnced  t} 
the  evaporation  of  the  solution  i.s  treated  with  water,  tti 
new  solution  ought  to  frivv  a  vt-rj  Ktrong-  blue  ctdovl 
litmus  paper,  ähoiüd  the  littuuü  paper  reniaiti  unaltnA 
the  solution  must  be  mingled  with  another  poiÜM  il 
carbonate  of  potash,  and  the  evaporation  to  dcyneab 
n-peated. 

Instead  of  carbonate  of  potash,  the  operator  can,  ii4 
cases,  makr  luc  ol'rauxtic  pota.ih,  by  which,  indccd.a^' 
Dcaia  is  precipitated  cveu  better  than  by  ciirfoooatetf 
potash.  But  t\ic  .sulKttanrt!  thrn  ohtnined  i.s  pure  ""f*^ 
which  is  niorv  easily  soluhlL'  iu  unter  than  cartmnaK^ 
magnesia;  thoufth,  like  the  latter  substance.  It  UlenMi^ 
dissolved  by  hot  water  than  by  told. 

Cnrbonate  ol'soda  cannot,  with  equal  goutl  coDSoqueam 
be  employed  instead  of  carbonate  of  potaah.  CuboM 
of  ma^ii'sia,  aceordin^  to  Musamikr  (PocuKNOOlin) 
Annalen.  'Vh.  \.  [i.iitKi),  forms,  with  carboimte  of  aoik,» 
double  Slut.  This  salt  is  decomposed,  neither  by  bc3il| 
the  solution,  nor  by  evaporating;  it  to  dryness ;  while,  m'k 
contrary,  the  a^alogou^  double  suit  eontainiuK  carboM* 
of  potash  and  carbonate  of  ma(nicsia,suffeis  decomposÜM 
thereby.  The  «ash-water  also  dissolves  mui^  aon  4 
the  double  suit  containing  mhIh  than  of  tlie  simple  f# 
Iwnatc  of  umikniesia;  yet,  for  »11  that,  were  carboDBlt^ 
soda  employed  to  separate  magnesia,  a  great  oxoew  «mM 
be  obtained  hi  llie  analysis. 

As  it  is  a  very  diihcutt  thioR  to  determine  with  bccuW^ 
the  quantity  of  mngncsiu,  even  when  ihtit  substance  i* 
contained  alone  in '»  sulutinn,  so  the  difliculties  befiM 
rourh  more  considerable  when  magnesia  has  to  be  9r|» 
rated  from  other  subsiances,  tlie  whole  uf  wliich  ban* 
be  quantiuiivi'ly  estimated. 

Si^irfUioii  from  Lime  by  Oxalates. — When  a  sulaUM 
contaiiiii  lime  and  magnesia,  the  separation  can  be  effrcv 
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by  a  variety  of  processes,  of  which  the  tullowin^  arc  tlutsc 
rooNt  fn-f|arntly  employed  :  It'  the  snliiiion,  whith  ronlaiiiK 
Ihc  lime  aiid  raufmcsia,  roDtuiti  also  muriate  of  ainuKinia, 
or  other  anunouiacal  salts,  which  is  a  case  of  frequent 
occum>n(-4',  the  solution  muHt  bo  projicrly  diluted  uilli 
vrutor,  and  tiit-ii  mixiMl  with  caustic  Hnintonia,  of  u-hicli 
the  smallest  possible  cxccjts  must  be  present.  If  no  am- 
I  moniatiU  salt«  arc  present,  muriate  uf  iunniuni»  miut  Ih; 
addi-d  to  tlie  isolulion;  yd,  if  the  solution  be  acid,  it  iä 
luinfccHsary  to  add  muriate  of  ammonia,  iKtcause  die 
sntnration  of  the  excess  of  acid  with  ammonia  produces 
snfficient  quantity  of  an  anunoniacal  »idt.  \o  precipi- 
tate is  produced  when  the  ammonia  is  added,  provided 
the  solution  holds  a  aiifficieut  qaaotity  of  auimoniacal 
salt-  If,  however,  a  small  precipitate  appears,  in  eons<- 
qoence  of  a  deticiency  of  auiiuoniactd  salt,  then  an  acid, 
for  example,  muriatic  acid,  must  t>c  added  to  dissolve  the 
precipitale ;  and  the  solution  mu.st  (hen  airnin  bc:«»persiu 
turatcd  »ilh  umniünia,  ubicli  -will  uol  a^n  produce  n 
precipitate,  llio  solution  ItciDo:  thus  prepared,  the  lime  is 
to  be  precipitated  by  oxalic  acid,  or  by  oxalate  of  ani- 
miiniu.  Thi.s  is  performed,  with  the  precautions  nhich 
have  already  been  |>ointcd  out  at  papc  Iß.  The  matme-sia 
is  not  precipitated,  in  con.sequenco  of  the  prejteiH:e  of  the 
ontmuuiacal  nali-s,  notwithstanding  that  the  oxalate  of 
tuUiKneüia  in,  of  itself,  ver^'  lU'urly  insoluble  in  water. 
When  the  solution  has  been  Ultered  from  the  oxalate  of 
lime,  (he  ma^csia  is  separated  by  carbonate  of  potash,  in 
the  uiuuncr  which  has  already  been  described. 

Separation  fro»  Lime  by  SulphaU  of  Liat. — jVnothcr 
ntetliod  of  soparatinK  limo  and  magnesia,  described  by 
R.  Phillips  and  Coopbr  (Quarterly  Journal  of  Srlrncf, 
vol.vu.  p.iKkJ),!»  tbia:  When  the  solution  to  bccxauiiuecl, 
contains  not  only  lime  and  ma^esia,  but  other  fixed  con- 
stituents, at;,  for  example,  ulcalioä,  then  the  two  carttu^  arc 
precipitated  by  c-arbonate  of  potash ;  the  solution,  uith 
cite  reagent,  bcinp  evaporated  to  dryness.  Hot  water  is 
poured  over  the  dr)'  mass;  and  the  rurlHinati'd  earth.s  are 
waAlied  »iih  boiling  uutcr.  They  aru  then  luutiuusly  su- 
persaturated with  diluted  sulpbaric  acid,  and  the  whole  is 
eva^Htraivd  to  dryness.    The  dry  masa  is  );cn(ly  i)n>ited,  in 
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a  countcrpoisccl  platinum  crucible,  to  expel  l)ic  cuctiri 
»(ilplitirir  iLcid.  li',  i)ii  thu  cotitrary,  the  »olutioacootlhi 
no  other  lixcd  constituent«  than  liino  nnd  magnet,  iri 
llitixe  earths  are  coRibin^d  with  aruls  which  can  beexpc 
hy  .sulphuiic  acid,  the  solution  in  tvaporated  to  ilrjoer 
and  il'  any  ammuoiacal  adls  are  pre.sent,  the  dry  ■* 
is  ignited,  to  e\pel  them.  Tho  mass  is  then  trested<4 
sulpliiiric  ncid,  is  evaporated,  mid  uj^ain  i<;^aitcd,  to  ifai« 
away  the  c^ccess  ol' sulphuric  acid.  The  ignited  ma»i 
weighed,  and  altenviirds  digi-sled  witli  a  »uittimtetl  ■olmia 
(>!*  sulplmtc  üf  liiuc.  This  sulutiun  merely  dixsolvnii 
Kidpliatt-  ol'  uuLfciit-sia,  and  leaver  the  .sulpluKc  of  la 
undissolved.  The  insoluble  remaioder  is  washed  '■rillt 
saturated  solminn  of  Kiilphatc  of  lime,  until  it  il  tlia^ 
that  it  cannot  any  longer  roiitain  siilphattr  ul'  magatik 
thereupon,  it  is  heated  (o  redness,  and  weighed.  Ab 
the  difTercnce  in  weight,  the  openitor  finds  th«;  quaotily^ 
titiiphiite  ol'  mai^nesia;  and  tVoni  the  vtc-ight  of  the  I« 
siil])hatps  he  calculates  the  qiiantitieü  of  the  earths.  Ih 
method,  which  can  he  emplojed  with  advanta^  in  up 
case;«,  h  somewhat  more  uncertain  than  the  oue  pmx^ 
One  cannot  tell  when  alt  the  sulphate  of  magncsii  i 
washed  out;  and  then  the  filler  of  Ihc  sulphate  nf  fa 
remains  saturated  with  a  solution  of  the  same  suhsttft 
by  which  its  weight  must  necessarily  be  a  litUe  incmMi 

The  other  methods  of  separating  time  frtmi  main»* 
may  be  pas8<-d  over,  for  thr  results  tliey  aBord  are  b 
satii^lactory  than  the  n-sults  alforded  by  Uie  two  mcilN* 
which  ^la\c  been  described. 

Separation  from  liarytes  and  Strontirin. — The  scptini* 
ofmaiiaesia  from  strontian  and  ban,'lesiä  accommaifdir 
no  dilliciillicN.  If  they  arc  contained  in  a  solutioa.'t' 
stntntian  »nd  bar^tcüi  arc  precipitated  oa sulphate ufstm- 
tian  and  sulphate  of  barylcs;  the  solutiou  i»  liltcrcd,  tiJ 
the  magnesia  is  eilher  estimated  as  sulphate  of  magf* 
or  precipitated  by  carbouate  of  potash.  The  ]>rec««ii<» 
to  he  oliserved  in  the  latter  case  have  been  deaoiM 
above.  As  Kulpbate  tif  Rtnm^ian  in  not  so  complrKl' 
insoliihle  in  water  us  sulphate  of  barj-tce  is,  this  process' 
lieller  adapted  lo  .separate  maj^'neKia  I'rotn  barytcti  It* 
from  sirontiaii. 
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Separation  from  the  Fixeti  Afealia. — Tlic  Hflpnratioti  of 
mai^nceia  from  th«  lixeil  alcalies  is  very  difficult.  Tiie 
maenesin  and  ihe  fixed  alcalies  are  converted  inio  suU 
phutcji,  which  it  is  Tcr>-  easy  to  do.  The  siilphules  arc 
freatly  i;niitcd,  tben  weighed,  and  diü^olvcd  in  water.  The 
s»ltiti(>n  B<i  produced^  is  mixed  wiiii  so  miirh  of  a  solution 
(if  »eetHit-  III'  Uiir)  lt>s,  that  iill  tl».-  üulphtirii-  arid  is  |)re<:i[)i> 
taled  as  sulphate  of  barj'tes.  Thu  mixture  is  wnrme«! ; 
the  sulphate  of  barvtes  separated  by  filtration;  the  fü(er«-d 
solution  evapomled  t«  dimness;  the  dry  in<iHN  i^^ited  in 
A  platinum  capsule.  Hereupon,  the  acetates  undergo  a 
cbnnttc,  by  which  thoy  arc  converted  into  carbonates ;  and» 
«rconlinn  as  the  heat  may  be  strimKer  or  weaker,  the  rar- 
iKinati^  ofmai^icsiH  toNe^  u  greater  or  lexser  quantity  of  iu 
cati)onic  acid.  Hot  water  is  poured  over  the  mass  after 
ignition;  the  alraline  ctirbonalcs  then  dissolve;  the  car- 
bonates of  barj-tes  and  magnesia  remain  undis»iolved.  Tho 
solution  of  alcaline  carbonate.s  \s  tillered  from  \hv.  ioKohible 
remainder,  and  the  latter  is  ctbdcoruteil  with  but  water. 
Uut  thewa-ihinj:  dare  not  be  loo  loni; continued,  for  neither 
the  carbonate  of  baryteä  nor  of  magnesia  is  altogether 
insoluble  in  water.  Tho  alcaline  solution  is  evaporated 
to  dr^'ness,  and  tlie  dry  mas.s  is  ij^niled  and  weighed.  Tho 
salts  are  then  converted  into  chlorides;  or,  as  ihey  are 
then  better  capable  of  being  weighe<l,  iHl«.sulpbat4's. — The 
rftrlHiualcs  of  bar;  les  and  nta^iirsiiL  which  remained  inidis- 
solred  in  uater,  are  dissolved  in  muriatic  acid ;  the  barytcä 
is  precipitated  bj  sulphuric  acid;  the  solution  isfiltervd  from 
the  sulphate  of  baryles.  andeva[M>r!ited  lodryneK.s  ;  Ihe  dry 
masii  so  obtained  is  ignited  and  weighed;  it  consists  entirely 
of  «nlphalo  uf  magnesia.  If  tliv  weight  of  the  alcaline  sul- 
phates is  now  added  to  that  of  the  sulphates  hf  nia^tesia, 
the  total  must  agree  with  llie  weight  of  the  mixed  sulphates; 
tts  deternnni'd  before  the  se|»aratittn.— It  will  b«  perceived, 
that  this  is  a  very  round-about  process,  and  that  itcangi  veno 
ubsohitely  accurate  re  .suit, becon.se  (be  cjirbonatesufbarytcs 
and  magnesia  are  not  iKtsitively  insoluble  in  water.  Potash 
can  be  best  separated  from  magnesia  by  this  process ;  with 
soda  and  lithia  it  d(K>s  not  suerced  sn  well.  .Soda,  when  in 
the  state  uf  a  carbonate,  forms,  » tili  ciirliimate  of  magnesia', 
a  double  salt,  which  is,  however,  dccomiHnäcd  nlicu  bcatcd 
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lo  redness,  so  thai,  upon  wiiäliine  with  water,  caibooait« 
soda  dissoKcH,  and  majfnc^ia  rrmuins  behind.  Bit 
consequeacc  of  this  combinatiou,  tbcrc  can  aftcnrudf  M 
more  miM^esia  dissolved  by  the  water  tiian  would  oA»' 
wise  he  the  case.  The  svparation  of  litJiia  canonl  ti 
effected  by  this  pruceKS  with  perfect  accnrncy,  bern 
the  carbonate  of  litbia  is  Y<?ry  difficultly  soluble  in  vi 
It  is,  in  cuDHequence,  better,  when  lilhia  alone  is  nil 
»epanktRd  frum  mauiiicäi»,  to  prucipitutc  the  latter  If 
means  of  a  solution  of  carboiutte  of  soda.  To  do  tlii 
effectually,  the  whole  is  eva|joratod  lo  drynp.sn,  an4 
water  is  ponred  over  the  dry  mas».  The  insoluble  diMlk 
salt  of  f:ari)onale  of  Nodn  and  ciirlionalr  of  magnrsiit 
liltennl  fnim  thr  siitution,  M'ii.>d>fMl  with  hot  n'ater,  at 
tlien  heated  to  redness :  it  is  thus  decomposed.  Tit 
limited  mass  is  treated  with  water;  carbonate  of  «A 
diKsolven,  <uid  niainic^tia  reinainx  Itehind.  Its  weieh 
then  dctonuincd. — From  the  solution  tiltered  Irao  di 
double  salt,  the  lilhia  is  lo  l>e  pnM;ipitated  as  phii«|ihii 
of  soda  and  lithia,  agreeably  to  th«  instructions  girca« 
page  lU. 

VIII.    ALUMINTM. 

Quantttativf  Exltmtttiaii  of  Aluinijia. — \litminn  is  H^ 
precipitated  fmm  its  solutions  by  cuTlMinute  uf  iimu« 
caustic  ammonia,  and  carl)onate  of  potash.  IT»;  pm^ 
tnte  is  very  bulky,  and  diflicuU  lo  hi',  washed  i-lvan:dl 
wa-shint^  .succeeds  best  wilh  warm  water.  The  precipiMf 
shrinks  together  exceedingly  ax  it  dries;  it  tnnst  be 
treiacly  well  dried  before  it  can  \a-  ignited  und  wd^ 
The  ignition  must  be  performed  with  prcruution.  beoM 
dry  alumina  often  decrepitates  upini  bein^  heated,  whenll 
a  lo-ss  can  be  occasioned. 

t>f  the  above  uamed  prcciptUints,  carbonate  of  aniB 
is  the  best.  It  must  consequi-nlly  be  always  cmpknii 
when  it  id  uot  necessary  to  avoid  the  preäciitx^  of  cariMMt 
acid.  Even  when  a  neutral  solution  uf  alumina  is  um> 
pitatcd  by  carbonatr  of  aramouiu  or  by  any  other  akab 
cnrbiiiialc,  an  «.•ffiTvcKConce  is  produced  by  carlKinic  mt 
ttccauctc  this  acid  docs  uol  combine  nitb  aliuuiua.    Catfi 


r_ 


NBFARATION  tROM   MAGHRfllA. 


31 


I 
I 


I 


ammoDiA  aL^o  precipitates  »liiinina  cxtrenicly  well,  and 
must  be  employed  in  a  great  number  of  cases  where  tlio 
rHrlKinafc  ofammontn  cnniiot  Iwmade  use  uf.  It  iu  necps- 
Kary  to  aToid  setting  too  prcat  «n  excess  of  caustir  iim- 
monia  to  a  solntion,  becanse  a  small  (]imntitT  »f  alumina 
rniild  thrreliy  be  (It.ss4>lvrd.  It  is  found  tliat  nlicn  the 
precipitate  i^  separated  by  tiltration,  and  the  filtered  »olu* 
tion  wanned  till  the  excess  of  aniiuoaia  is  volatitbwil. 
flocks  of  alumina  are  often  depuslfed,  wbicb  howevtr  are 
inconsidfriible  in  quantity  and  frequently  almost  impon- 
dcrablt!.  Ttic  tmpliiymirnt  of  carbonate  of  potasb,  as  a 
precipitant  of  aJumina,  is  ven,'  improper.  It  i»  true  indeed 
that  it  pn-cipitutrs  alumina  (-»mplelely,  but  it  is  extra- 
ordinarily  difficult,  indeed  pretty  nearly  imposi^ihle,  to 
separato  the  last  traces  of  the  potash  from  tbc  aluniirm 
by  mubing ;  no  that,  upon  weighing  the  alumina,  a  t^reatcr 
wei^fat  in  obtained  than  is  projK'r.  When  titc  uiKTator 
hna  l)een  ubli);ed  to  precipitato  alumina  by  carbonate  of 
|MitaH)i,  it  is  netri'SKary,  if  he  is  norkine  ii|iim  an  accu- 
rate quautitalive  analysis,  to  redissolve  the  precipitated, 
filtered  and  nasbed  alumina,  in  an  acid,  for  example,  in 
muriatic  acid,  and  to  precipitate  it  again  by  rarlamalc  of 
uniaonta. 

Stparation  from  Magiw-iitu — There  are  si-veral  methods 
of  aefuiratin^  alumina  from  nm^eüia.  The  operator  adda 
tn  the  solution  of  both  earths  so  much  uf  a  solution  of 
muriate  of  ammonia  as  he  believes  to  be  sutlicieot  to 
render  tbc  uagrneüia  uoprccipi  tabic  by  caustic  ammoata. 
He  (ben  precipitates  the  alumina  by  caustic  ammonia. 
Wlien  ibe  solution  of  both  earths  is  acid,  it  is  unnecessary 
to  add  muriate  of  ammonia,  because  tlte  nuturalion  of  the 
acid  by  anmioaia  pmdwces  a  sutiicieiil  quaiility  of  an  am- 
moniacal  .salt  to  retain  the  mainie:>)a  in  tjolution,  ^vhen  tbo 
excess  of  ammonia  ia  added.  Tbe  alumina  is  filtered  and 
H-ashed  ;  it  is  however  unnecessary  to  wash  it  completely 
clean,  because  it  is  not  yet  quite  pure,  but  contains  a 
small  quantity  uf  mapiosia.  Even  when  a  very  largo 
quantity  of  muriate  of  ammonia  l.s  previously  added  to  the 
Kolutiou.  tbe  prccipitalion  of  a  small  quantily  of  mapiesJa 
cmnnnl  be  avoided,  protmbly  in  consequenei*  of  the  rliinni- 
ral  affinity  between  m^nesja  and  alumiaa,  ihiough  wbich 
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the  latter  is  enalilrd  to  carry  dowu  a  portion  of  the 
in  a  sl«tr  of  com  Iji  nation.    To  .teparatc  tliis  small  ij' 
nf  ma^icsiii,  thr  tiliiiniiiii  tniisl,  while  yct  in  n  mtmi 
he  IrcatrH  willi  a  .si>liitiuii  of  cautttic  i>otiish.     IVIl 
method  of  opcrntitif;  is  to  put  the   wet    filter  witk 
alumina  into  a  ßlasM,  anil  lu  add  a  sulficifiit  quaiUHj 
muriutir  acid  to  ditutolve  the  attimina  ;  taking  care, 
ever,  to  avoid  too  ^reat  an  excess  of  muriatic  acid.  Hfl 
Upon  the  solution  is  ßltcrcd.  and  the  tiltcr  wasbid 
doan.     To  the,  solution  in  miirlntic  ncid,  a  solotM 
caustic  potash  U  added  in  excess,  and  the  whole  is 
in  a  pnn'elain  cKjtxide,  or  belter  in  a  plittinum 
The  alumina  disfiolves  in  the  potash  ley,  while  the 
qiiiintity  of  iims^iieKia  remains  undissolved.     The 
of  the  alumina  can  Ix'  efleeicd  in  the  cold,  but  it  is 
letter  to  employ  heat,  which  occasions  a  more 
separation.      Tlie  small  quantity  of    magnesia    ii  i 
filtered  and  washed ;  it  is  theu,  with  tht*   wet  filter, 
into  muriatic  acid,  by  \vhich  the  magnesia  i»  di«Mlii 
The  fdter  is  properly  washed,  and  the    solution  tt 
small  quantity  of  ma^ptesia  is  poared  into  the  solutii 
the  principal  quantity  of  oiugnesiu  which,  in  the  earifj 
of  the  nperiilion,  was  littered  from  the  precipi  lute  praihi 
by  caustic  iimDionia.    By  the  mixture  of  th«  two 
tions,  the  whole  quantity  of  the  magnesia  is  brou|:bt 
thcr.      ft  is  then  precipitated  according  l(»  the  pfit« 
which  has  heen  descriljed  under  thr  quantitative  dem 
nation  of  ma^Tiesiii. — The  quantity  of  the  ulumint 
solved  in  the  potash  ley,  still  remains  to  be  detcmiH 
Such  a  quantity  of  muriatic  acid  is  addc^  to  the 
that  the  alumina,  which  al  first  precipi tat«^s.  again 
solves;   a  tdight  excess  of  the  acid  ii  sufficient  for 
purpose.     From  the  solution  in  muriatic  arid,  the  al 
is  precipitated  by  ammonia,   or  hcltcr  by   carhonaic 
ammonia.     This  method  of  precipitating  alumina  fiwi 
solution  in  caustic  potash   is  far  preferable  to  aiMtM 
which  is  cheaper  and  generally  employed.      It  rotuisu 
adding  lo  the  alcnlino  solution  of  alumina,  a  soluti« 
muriate  of  ammonia;  the  potJi^ih  is  thereupon  cobtrM 
into  chloride  of  potassium,  the  alumina  is  pcL-dnäMi 
aud  the  aoiniuuia  becomes  free.     But  tho  i^Y^at  q 
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of  fre«!  aramonin  which  is  proiliiccd,  can  art  in  such  a 
in&iuier  as  to  retain  a  p^irlion  of  alumina  iii  üolutioti, 
while,  on  the  othtT  hanil,  acrnnlin);  to  lh<?  observation 
»f  JiKHzKMUS,  the  precipitated  alumina  camca  a  little 
potoah  down  with  it,  and  thereby  ucqaireä  an  increase 
of  wfii^it. 

Anuther  mvihud  of  separating  alumina  from  inap:ne»ia 
might  consist  in  dissolving  huth  eurtlia  in  un  acid,  for 
example.  In  muriuiic  acid,  v(  which,  however,  an  cxcesa 
should  be  avoided,  in  addin;;  to  the  Sülution  an  excess 
f^  caustic  potash,  and  in  waruiiug  the  whole;  uhcroupoa 
the  alumina  would  he  dissolved,  but  the  mafnifsia  would 
remain  behind.  Vet  this  method,  notwithxlandin^  its 
»hortneäs,  is  nut  prelerablr  tu  that  previonsly  drscnhcd ; 
and  the  rcai>on  is,  that  when  a  lar^  quautity  of  magnesia 
is  pre«em,  iliv  »cpuralion  of  alumina  by  eauHtic  ]H>taAh  is 
never  complete.  It  is  iherelore  always  better  to  separalu 
tirst  the  greater  proportion  of  tlic  mague:«ia  from  the  alu- 
mina, and  then  to  dissolve  the  alumina  in  potash.  AVIicd, 
however,  a  very  small  quantity  of  magnesia  Is  tu  l« 
sc-parntc<l  from  a  vcr>'  lar^'c  quantity  of  aluminji,  it  is 
advisable  tu  employ  the  second  method  of  .separation. 

A  third  metliod  of  .sepumfiti);  iiUiniiim  from  magnesia 
consistji  in  adding  tu  tlie  sulutiou  of  the  two  earths,  pre- 
Tiousty  diluted  witJi  water,  a  solution  of  bicarbonate  of 
potash.  A  -•itrons  ctfervescencc  i.i  thereby  produced,  the 
alumina  is  completely  precipitated,  and  lUe  iniiq^esia 
rarnuns  dissolved.  The  precipitate  is  washed,  and  then, 
in  general,  is  dried,  ijrnited,  and  weii;hi-d.  It  ha;«,  how- 
rter,  been  already  observed,  lliat  it  i»  more  accurate» 
wben  alumina  has  been  precipitated  by  a  potash  salt,  to 
redissolvc  it  in  muriatic  acid,  and  to  precipitate  it  ujnün 
by  ammonia,  or  better,  by  aurbonalc  of  ammonia.  When, 
therefore,  the  precipitated  alumina  has  Ix^-n  snfiicienily 
nasbetl,  tite  wet  filter  wnlh  the  ponipitute  is  laid  in  a 
gloss,  and  dissolved  in  muriatic  acid:  the  solution  is 
filtered,  the  tUter  washed,  the  alumina  afniin  precipitated. 
—The  solution  of  maKia-'sia  is  evaporated  to  dryness,  by 
which  tlie  bicarbonate  of  ]>otash  is  converted  into  car» 
bonalc  uf  püta.sh.      To  romplctc  the  sepunition  of  the 
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magnesia,  the  dry  mass  is  then  treated  accordiog  to  th* 
«lirectioas  whicb  have  already  been  ^veo. 

Sqtaratioit  from  Lime. — The  sepaTatioo  of  alumina  from 
lime  iä  «ccompauicd  by  no  difficultjos.    The  twlutiou  of 
both  earths  is  supersaturated  with  caiiKtic  ammonia,  by 
which  ahimina  alone  is  preri  pi  luted.     Bat  in  this  opera- 
tion Lhc-n;   is  u   pn-cutitiiiiiary  oietiKun^  to  be  nbserved, 
through  the  neglect  of  vbich,  in  quantitative  onalysoa, 
eonsidcrable  errors  can  often  fake  place.     It  is  kjiowo, 
that  eaiitilic  ammonia  does  not  precipitate  lime;  yet  vhea 
a  üolntion  containing  lime  is  supenfaturatixl  with  caastie 
»nnnonia,  then,  after  a  shorter  or  lonper  time,  it  absorb« 
earUoiiic  arid  from   llie  atmosphere,  and  degHisits  sandy 
crystal»  of  carbnnati'  tif  limo  on  tlic  üides  of  Üic  irla.'u. 
The  more  rapid  or  more  dilatory  prodnction  of  thcM 
eryKialK  depends  upon  the  greater  or  smaller  excess  of 
ammonia  tvhieb  ■»  present,  and  upon  the  coucealrated  nr 
diluted  state  of  the  solution.     When  therefore  the  separa- 
tion of  alumina  from  lime  is  cfleoted  by  caustic  ammonia, 
the  ojiertitor  must  carefully  avoid  a  ?rrat  excess  of  the 
latter;  be  must  moreover,  filter  the  precipitated  aliunina 
as  quiekly  »s  possible,  that  it  may  not  become  conlami- 
nated  by  cHrb4nm1e  of  lime;  and,  anally,  mast,  during  ttie 
filtration,  keep  llie  funnel  covered  with  a  gla&s  plate,  to 
prevent  as  much  km  possible  the  acre.ss  of  atmospheric»! 
air.    The  lime  eontninod  in  the  .solution  lUtercd  from  the 
alumina  is  precipitated    l)y  oxalate  of  ammonia,      'i^ 
i^ited  alumina  is  now  weired ;  after  which  it  is  mois- 
tened  with  water,  and  then  tested  H-ith  a  litll«  eoncen- 
trated    muriatic:    acid :     tf  an  eflerv(^<(ceIIce    enjtuc,    the 
alumina  is  mingled  with  carbonate  of  lime. 

i>ejKtrntif>f>  from  Lime  and  Ma'jHrim. — When  alumina  is 
to  b«  separated  from  lime  and  lunpiesia,  the  operator 
coramonly  adds  muriate  of  anunonia  to  the  solution,  and 
then  prcripitates  the  alumina  by  cJiusttc  ammonia.  If 
the  solution  is  very  at'id,  the  addition  of  muriate  of  am- 
monia it!  unnecessarj-,  becatise  a  suflScient  qoantity  of 
ammoniacaJ  salt  is  produced  by  the  supersataratiun  of 
the  solution  uith  ammonia.  The  precipitated  alumiaa  is 
quickly  fdtered,  in  nnler  that  it  may  not  be  contaminated 
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by  corboriiilc  «r  lime.  Tlw  lime  is  [trccipilatvu  from  tbc 
fillered  solution  hy  oxalate  of  mnnionia.  The  liolulioti 
lillrrcd  from  the  oxalnte  of  lime  contains  the-  inralcr  part 
0f  (lie  niasTtcfiia,  of  which,  however,  ii  hdihII  (juantily  is 
retained  by  the  precipitated  alumina.  To  separate  tfai« 
portion,  (he  ulitmina  is,  as  lias  been  explained  uliovc, 
di»s4>tveil  in  rauKtic  jMitauh,  and  the  inii^nicMa  \ihirh 
TeiuairiH  undi.<i!(olved  iu  cht-  potasih  i-t  dissolved  in  muriatic 
arid,  and  added  to  the  sohition  containing  the  priueipul 
quantity  of  magnesia.  When  tlie  whole  of  the  mo^esia 
is  together,  it  is  precipitated  by  cartmnate  of  potash,  in 
the  tniinniT  nhirli  h»s  hepn  already  descrilird. 

A  accuud  tiH'tliud  of  elfccUntf  tlie  sepuratioD  of  these 
«artlis,  consists  in  adding  to  the  solution,  a  solntioa  of 
bicnrbonate  of  potash,  which  precipitates  the  aluaiiun 
alone,  and  reiainü  the-  othtT  earths  in  solutioD.  The  oolu- 
tion  filtered  from  the  precipitated  alumina  can  be  evapo- 
rated to  dryness,  and  the  dry  mass  treated  with  hut 
water;  whereupon  carbonate  of  lime  and  carlxinale  of 
tna^esia  rem&ia  uQdiHMolTcd.  These  two  compounds 
nre  .separated  from  «me  auother,  aceurdiug  to  one  of  the 
methods  ilewrilted  under  MairneMinm.  fn  this  ense,  bow- 
Wver,  tb«  be»t  method  is  to  convert  the  two  earths  into 
~BDlphale<t,  and  to  s<-paratc  them  l>y  a  solution  of  sulphate 
of  lime.— Of  this  method  of  sepamtini;  alumina  from  lime 
and  mas^neflia  it  is  to  be  moreover  remarked,  that  it  is 
capable  of  being  employed  with  ndvnntiiKc  only  when  the 
qnantily  of  lime  which  is  present  is  verj'  small.  Tlie 
liicarlHinate  of  pota.sb  converts  the  lime  and  ma^esia 
into  bicarbonatcH.  The  bicarlKinutu  urma);;:nt--sia  is  pretty 
easily  soluble  in  water,  but  tbe  bicarbonate  of  time  is,  on 
lliG  eontnirj-,  diflieulily  soluble.  When  therefore  the  quan- 
tity of  lime  is  cousiderable,  the  o|>erator  should  uike  care, 
before  mixing  the  solution  with  bicarbonate  of  potash,  to 
dilute  it  willi  a  very  \nTgr  qnimtily  of  water;  yet  even 
«hen  this  prccaativn  is  taken,  there  is  still  occaaion  to 
fear  that  the  precipitated  alumimi  may  contain  bicar- 
lM>n»te  of  lime. 

Srpnrntion  fram  Strontian. — Fof  Hejmrniing  alumina  from 
«troutian,  caustic  ammonia  is  employed,  precisely  as  in 
Acparatine  alumina  from  lime.    Ther«'  are  here  aftän  the 
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twine  preamtionan.'  measures  to  l>e  observed.  The  pre- 
cipitated uliimiiia  must  he  r|uiekly  fittercc),  in  order  that  it 
may  aot  be  contain Jnaled  by  carbonate  of  strontiaii :  for 
sulutiuns  of  strnntian,  when  ihcy  «re  mixed  with  aiiislic 
ammniiia,  absorb,  like  rnlrarroiiti  Milutions  under  the  same 
circumätances,  carbonic  acid  from  the  atmosphere. 

SejMration  from  Jiaryteg. — The  separation  of  alumina 
from  bar}'tcs  is  efleeted  by  siilpharic  acid,  by  which  the 
barytes  is  precipitnled.  From  the  solution  uhicb  in 
filtered  l'n>m  the  sulphate  of  burytes,  the  iilumiiin  ix 
{"precipitated  by  ammonift,  or  still  better  by  carbonate  of 
ammonia. 

Separaliim  from  the  Fixed  AlcalicJt. — ^The  reparation  of 
alumina  from  the  fixed  alcalies  is  cfieeted  by  ammonia  or 
carbonate  of  ammonia,  by  which  the  alumina  i*  preci- 
pitutttd.  Tlic  filtered  solution  is  evaponitcd  to  dryness, 
and  the  dry  mA»s  '\s  ignited  in  u  counteqioi.sird  platinum 
crucible;  llicreby  the  ammuniacal  salt,  produced  by  the 
combination  of  the  ammonia  with  the  ueid  witb  which  the 
alumina  wax  previously  combined,  is  voIatiliKedj  and  the 
fixed  alcali  remains  behind,  combined  M'ith  the  acid  with 
which  it  existed  in  solution  before  it«  »eparutiun  from  the 
alumina.  When  the  acid,  witb  which  the  alumina  aod 
fixed  alcali  were  combined,  is  sulphuric  arid,  it  is  neees- 
Kury,  during  the  ignition,  to  treat  the  alcalinc  .•Eulpb^tlt' 
vt'ith  carbonate  of  ammonia,  according  to  the  tmttnic lions 
which  have  been  «;iveri  at  pa;;e  (>, 

Separation  from  M'ttf/icnia,  Lime,  and  a  fixed  AteaU.— 
M'hen  alumina  iu  to  be  tivparated  from  ma^esia,  lime,  and 
a  fixed  alcali,  which  separations  frequently  oe-cur,  espe- 
cially in  mineral  analyses,  tlie  operator  adds  tu  the  m>Iutiun 
of  these  .substances,  first  muriate  of  iimmonia,  and  theo 
cuuMtic  ammonia,  by  M-hich  ahunina  und  a  little  mugiiej>ia 
are  precipitated.  When  the  solution  is  very  acid,  the 
addition  of  muriate  of  nmniouia  is  unnecessary.  The 
solution  is  quickly  filtered,  that  it  may  not  be  contami- 
nated by  carbonate  of  lime.  The  lime  is  precipitated 
from  the  filtered  solution,  by  nxitbtte  of  ammonia.  Tl»e 
small  portion  of  magnesia,  which  was  precipitated  witli 
the  alumina,  is  then  separated  by  a  solution  of  cnnstic 
potash;  it  is  disMilved  in  an  acid,  and  the  .soltilioti- is 
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»tided  tu  (he  >!oItilion  ßllercd  I'rum  tlio  oxalate  of  lime. 
Thw  is  i'vaponitpcl  tit  drjne-'is,  and  the  dry  mass  is  igniled 
to  drive  away  llie  aiumoniacat  sails;  (he  operator  then 
rautinuxly  adds  sulpbarir  acid,  heals  the  whole,  and,  at 
last,  f;ently  i^'iiite.s  it.  The  .siilphutc  of  niagnrsiii  is  Iben 
«qiarated  from  the  alcaline  anlphate,  by  the  proce««  which 
has  already  hevn  describL'd  at  pai^e  20. 

AnfätfMU  of  CoruHiium  and  SjiineU. — Aluminu  occurs  in 
nature,  a.<t  cvranduin,  in  such  a  state  of  compactne.'is,  that 
it  cannot  1m>  di.<(.<u)lv(Ml  by  arid»«.  \ot  even  when  it  has 
been  ignited  with  carbonate  of  potash  or  soda,  can  it  Iw 
attacked  by  aeids.  Many  native  coinpoiinda  of  ahimina 
w  ith  certain  bases,  in  which  compounds  the  alumina  plays 
the  part  of  an  acid,  posses-s  n  .similar  depree  «f  rompact- 
ne»A.  Such  n  compound  i»  tlie  niinerat  com|Hised  of  alu- 
mina and  magnesia,  and  which  Wars  the  name  of  Spinell. 
Hieae  can  only  iic  di.siuilvcd  in  acidit.  uheu  they  have 
previously  been  molted  with  caustic  potosli.  The  analysis 
af  these  rompound.s,  nith  the  help  of  cnuHlic  potash,  re- 
(|ain>ii  to  be  conducted  with  much  circumspection.  The 
method  of  procweding  which  mu.st  lieolMterved,  Is  the  same 
äs  that  employed  in  the  treatment  of  certain  siliceous 
compounds  with  caustic  potash.  As  this  procedure  will 
hereafter,  when  wc  treat  of  the  quantitative  determination 
ot  silicic  acid,  be  circumstautiully  described,  it  is  unne- 
cessary to  .s[)eak  of  it  here. 


fX.    GLUCINUM. 

Prtrijnlnlinn  of  Glariiia  Äy  Ammonia. — Glucilia  is  com- 
pletely precipitated  from  its  solutions  by  caustic  ammonia. 
The  precipitate  \va»  much  siniibirity  with  precipitated 
aJumina.  Like  that  suhsliincc,  it  is  very  voluminous,  and 
contracts  exceedingly  during  the  drying. 

SeparatliiH  from  Alumiua.—lrt  the  separation  of  ^liicinu 
from  alumina,  advanta^  is  taken  of  the  solubility  of  the 
former  in  carbonated  alculies,  of  which  earbonate  of  am- 
monia is  ihiil  which  is  employed.  Tlicrc  are  two  metliotis 
of  cflV'din^  (he  separation.  According  tothelirsl  method, 
the  operator  adds  lo  the  solution  in  which  the  j^^ucina 
and  nluiuina  are  contained,  a  concentrated   solution  of 
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carbonate  of  amniODia;  bo  (Jicn  closes  the  VRSsd, 
alluws  th(!  wbule  tu  reinaiti  a  pretty  lun^  time  tup4l| 
tnkiiiK  t-HiT  to  iif^itRte  the  niixturc  frc<|  iic-titly .  Ii  is  i 
sary  tbat  Üil>  carbonutc  of  luumittiia  be  udtletl  in  verji 
sidcrable  exc«.s!(,  heotuse  a  .stuall  quiintity  of  it  piYcl|iiUi!| 
the  »liiciua,  luitl  the  precipiialo  thus  funned  cao  <»hk| 
fjradually  dissolvcit  by  a  very  great  excess  of  the  prml 
pitiutt.  It  is  coDseqiiejitly  obscn-ed.  after  tbe  adiliiM<| 
the  excess  of  rarbunateuf  nmmuniit,  tJint  the  bully] 
cipitatc-  KFoUitally  tliniiiUKlu'»,  u.s  tbe  precipitated 
graduaUy  dissolves.  Thereupon  the  alumina  ts 
«oil  wa»<h4!d,  drit'il,  imiiled,  and  wsi^ied.  The 
Qllert-il  I'mui  thi>  alumina^  is  «vaporatetl  to  drynew- 
evaporation  Is  pcrtbnued  iti  a  i^mrcclain  capsule,  orviij 
is  better,  in  a  ptatinuin  cap.sule.  Id  proptirtioD  astt 
cutiMuatc  of  ammonia  i.s  volutilixcd,  tbe  tflucina  is  p\ 
cipitnted,  and  the  liquid  becomes  troubled.  The  dr]:M| 
cunsists  of  j^liieiDa,  mingled  with  a  salt  whicJi  conG 
auiiituiiiu,  combined  %vitb  tin-  aeid  uUich  was  prevtaatl 
combined  with  the  ^^luctna  and  aluuuua.  The  dry  va^* 
ignited:  tliercupoo  the  ammoaiucal  salt  volatiÜi 
glueiua  alone  remain»  behind,  and  can  he  weiKfaed. 

The  second  method  of  separating  gluciua  froni 
is  as  follo%vs:    Uoth  earths  arc  precipitated  tojirct 
caustic  auunouiu.    Tbe  vulumiuous  aiid  still  moi:^i  pf- 
pitatc  is  taken  from  the  ßltcr.    Tbc  filter  is  treaic«)  *'j 
muriatic  acid,  luid  washed  very  clean.     This  solutiw^ 
the  moist  precipitate  are  brought  together  into  « : 
and  dip'sted  a  pretty  loiic  time  with  uii  excess 
Imnatu  uf  amuionia,  by  which  the  gluciaa  is 
dissolved.    The  farther  treatment  is  precisely  tbei 
».«;  >u  the  Hrst  nielhitd.     When  the  ujuTat^ir  has  to  . 
glucina  merely  I'rum  :iJuuiiiia,  tbe  lirst  method  is 
able  to  the  second;  but  ou  tbe  contrary,  the  tatter  m\ 
ployed  in  many  rases  where  l>oth  earths  are  ohlindH^ 
prccipitau-d  together,  in  order  tbat  they  ntay  in  thisi 
be  separated  from  other  substances. 

Sfparation  from  Mtufntvia. — The  Kepamtion  of  0m 
from  ma^esia  can  be  iKTfunned  exactly  in  tiu  fl 
manner  as  the  separation  of  alumina  from  maffnew; 
Klucina,  like  alumina,  is  cam\y  soluble  in  »  solntw* 
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potnsfa.    Tbc  Operator  muttt  employ  tlie  first  pru- 

SvpuTiitian  fntm  Alcahne  ÜUirlhs  and  Alralies. — The  sepa- 
ration of  gluciua  fnmi  linit-  cAn  ulsu  li«  t'ircctcd  in  tlie 
same  maiiuvr  as  tliu  .st-punitiuu  of  uluaiiiiii  Ironi  liinc, 
pntfo  34.  TFie  siiiiic  js  to  be  S4iid  of  the  S(.-|iunttiou  of 
gluciiia  Irunt  litroiUiai),  barytcs,  and  tbe  fixed  aJcaJies. 


X.    VTTKIHM. 

PrecipitatioR  nf  Yflria  by  Akalief.—Yttria  can  be  pre- 
dpitated  from  its  soluttoim  by  cuustic  alcalie-4,  and  for 
thU  piirpoM'  catiittic  ammoDin  can,  in  most  caM.-s,  bo  era> 
ploytnl.  Y*t  when  yttria  is  dissolvrd  in  nitric  add,  or 
still  more  in  sulphuric  acid,  it  is  ncccäsury  to  niukv  use 
of  causti«;  [Ktiaiih  ub  the  precipitant ;  because,  in  these 
cases,  anunuuia  would  prpcipltatp,  nut  pare  yltriii,  but 
mib-salts  of  yttria.  But  even  then  it  it«  almost  tmpusüi- 
Mc.  occonlin^  to  Wüiilur  (PocGKNUoKPF'ti  Aunalen, 
Th.  XIII.  p.  5HI),  to  obtain  the  yttria  quite  free  from  sul- 
phate of  pülutth. 

Sri>fjnrtion  from  Earths  and  ^/crtWes,^ Yttria  18  sepa- 
rated from  ainmin:)  and  f^lucina  by  heatini;  the  Solution 
with  cau.stic  pnla.sh  ley,  by  wliicli  the  ulumiua  and  glurina 
are  dittsolved. — From  nui;:nc»iu,  yttria  is  separated  by 
caustic  iimnuniia,  the  solution  having  been  preriousty 
mingled  with  a  large  quantity  of  muriate  uf  ammonia.  The 
sepumlioii  of  ytuia  from  lime,  strontian,  barytes,  and  the 
fixed  alcalie»,  is  elTcrted  in  the  xame  manner  uk  tlic  ."scpa* 
ration  uf  alumina  from  tliose  substuucc». 


Xt    CERIUM. 


Prrcipltntion  bif  ji/catles.— The  oxides  of  cerium  can  be 
precipitated  from  their  solution»  hy  caustic  ammonia;  but 
it  is  better  to  effect  this  precipitation  by  caustic  potash, 
because  ammonia,  according  to  Bf.rzklius,  geuenilly 
precipitates  sub-sails.  The  precipitate  is  dried,  ignited, 
and  vrclKhed.  AHer  ignition,  it  is  inrariably  in  Ihc  state 
of  |Kroxide  of  cerium,  even  when,  jtrcvious  to  tbe  ifroition, 
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it  was  In  the  Mfate  or  protoxide  of  cerium.  WlnAtl 
snbstancr  under  cxuniinaliou  ronltiincd  merely  protaaiil 
of  cerium,  the  quaiiiily  of  it  must  Ijc  reckoned  (nnfti 

weight  of  the  )>eroxidc  obtained.  I 

JSeparatiori  from  Yttria. — The  oxides  of  cerium  we  «pi 

rated  from  yttria.  in  company  with  wliich  theyvajN 

qiicnily  occur,   by  lliv    follomnji;   priKX-s»,    desriibeiH 

Bbrzelius.     The  operator  places  in  the  snlntion  «Itfl 

contains  yttria,  in  compiiny  wiih  one  or  both  of  tiie  «M 

of  eei'ium,  and  wlielhi-r  (he  solution  bt'  a^Mtl  or  oeiiD^^ 

crust  of  crjatallised  sulphate  of  potash,  wiiirb  nt^hl 

dejmsited  in  Niirh  ti  ninnner  ns  to  project  above  the  avM 

of  the  licguid,  in  order  that  idl  ]>art.s  \>^  the  »olntMa  §■ 

become  fully  saturated  with  sulphate  of  potash.  Tbcd^fl 

ofeeriitm,  as  well  lis  yttriu,  have  the  pro[>erty  of  fonl 

double  salt»  with  potash    aud   xul]ihurtc   acid;   oftkil 

salts,   however,  that  formed   by  yttria   in    Notable,  dll 

those  formed  by  the  oxides  of  ceriam  are   inMibiblcJMB 

saturated  solution  of  sulphate  of  potash.     Tlic  prrdpM 

thus  produced  is  pulvenilenl,  possesKcd  of  a  white  nM 

when  it  contains  protoxide  of  cerium,   but   cxh)biä|V 

lemon-yellow  colour  when  it  contains  peroxide  of  inhB 

The  pntripilute  is  pennittcd  to  •■ub.side.  nnd  after  tlfll 

four  hours,  wlicu  the  solution  ü  saturati^tl  with  stijB 

of  polatib,  it  is  filtered.     The  preripitate  is  thro  v«ÄI 

with  a  concentrated  solution  of  sulphate  of  iH>tas}L    Irv 

ulVmards  dissolved  iu  boiling  water,  and  precipitaltrftft 

caustic  potash.    Thi$rr^g;ent  must  lie  added  soroevbil*! 

excess,  and  the  wliolu  must  be  di<:cst('d   with  the  iVf 

anoe  of  heat:  if  this  precaution  is  neglccteil,  it  is  o^'l 

obtain  a  precipitate  contaminated  by  a  sub-soil.    VM 

the  prerrtptlute  \ias  been  washed,  it  is  i^ntitt'd,  tipun<^| 

it  hecoiueä  of  a  ciiuiamon-brown  colour,  und  is  rompflH 

converted  into  peroxide  of  cerium,  even  if  it  preiira»! 

consisted   of  protoxide  of  cerium.      Tho    solution,  f^l 

which   the  oxides  of  cerium  have  been    thus   Aepin^l 

contains  sitll  the  double  sulphate  of  potash   aJid  \m\ 

From  this  solution  the  yttria  is  precipitated   In     .■ 

potash. 

Separation  from  Eiirth  and  Alcali^. — .Tlic  oxidtt 
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rerium  arc  scpantied  from  frlu<^>uii,  aluminit,  miigticüja, 
linic,  strontian.  barj'tes,  und  the  fixeil  akalic»,  by  the  pro- 
cesses Ibat  urc  cmi^oycd  U*  separate  yilria  rmm  (how 
MubsUnres. 


* 


XII.    ZIRCONIUM. 


Precipitation  of  Zircottia. — ZircoDi»  can  l»e  precipitated 
IVoni  it.<i  solutions  tiy  caustic  ammonia,  and  by  caustic 
potash;  but  (he  prtMripiutcN  thrown  down  by  thr  forrarr 
%'ory  oiitcn  consist  only  of  sub-salts,  und  not  of  pure 
KJrconm.  The  bulky  precipitate  is  washed,  and  then  cau- 
tiously ignited,  durin;;  ubieli  the  |K>culi)ir  inciutdcsccnce 
nflbc  zirconJH  may  be  o1>S4_'rved  :  it  is  al'ti-rwards  neighed. 
When  also  tJic  soliitioa  of  a  salt  of  zirconia  is  mingled 
witli  a  Hiijution  ofsiilphatr  of  potash,  we  obtain,  »ctxirding 
to  Bi-:Rzi:Lii'ti  (Pocgendürkf'ö  Annalen,  Th.  iv.  p.  13(!), 
n  pit'^'ipitaie  uIxin-uniH.  If  as  much  suljiliHte  of  potash, 
fa  crystals,  as  is  sufficient  tu  saturate  the  liquid  be  add(>ilf 
the  greater  part  of  tlie  zirconia  is  precipiiafed  :  its  perfect 
»eparation  is  rllecteil  v^hun  the  acid  in  the  solulion  is 
exactly  neutralL-wd  hy  potash.  There  is  formed  hereby  ti 
sabsnlphato  of  zirconia,  containing  potash.  This  is  par- 
lialiy  sohitile  in  pure  water,  mid  must  nii  llmt  account  he 
uaslied  with  water  which  contains  ammonia.  Tli«  salt  is 
subsetjucntly  boiteil  in  a  solution  ofcaustic  potash,  where- 
u|H>n  the  hydrate  of  zirconia  remains  in  a  state  of  purity 
undissolved.  Zirconia  can  he  separated  by  this  process 
from  Diaiiy  other  substances. 

Sepitration  from  Etirths  and  Alcalieg. — Zirconia,  like  tlie 
oxides  of  cerium,  HLlc  jitriii,  unti  especially  like  ^luciua, 
is  suluble  in  curboualed  ulcalics.  It  is  also  particularly 
soluble,  accordini;  to  Brr^^i^lu^,  in  a  solution  of  bicar- 
Imnalc  uf  iiolash,  or  bicarhonntc  of  smla;  nevertheless, 
urcuuiu,  which  has  already  l)een  precipitated,  dissolves 
very  slowly  in  these  sidutions.  When,  however,  a  solu- 
tion of  rirt^Kiia  Ls  ilmp]K:d  iuto  a  solution  of  bicarbonate 
o(  potasli,  or  bicarUonatc  of  soda,  this  takes  place  very 
quickly.  When  the  solution  is  boiled,  then  minG;led  with 
muriatv  of  iuumonia,  and  a^ain  boiled,  the  zirconia  is 
precipitated.      Tttc  explanation  of  this  is  as  follows :  a 
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portion  or  the.  «irronia  was  dissolved  in  the  psckb  ef  at 

I>onic  acid,  and  was  consequently  prectpftatod  bj 

iMtiling.     The  other  portion  of  the  zircunia  \%ad  diiwfc 

in  thp  simple  rarbnniite  of  potai«h,  and  precipitated  b«  I 

ammonjii  i>f  tlic  tmiriatr  of  iimnioniti.      Zirconia  OHk 

this  umiiaer,  be  strpumted  from  alumina,  a»   it  caail 

from  mafrncsia,  lime,  strontian,  baryte^,   and  the  li 

alcali(>i;.     Tlio  method  ofsoimmling  it  with  ufcuraeyb 

tile  oxides  of  cerium,  from  yttriti,  anil   from  gluda, 

mains  still  to  he  di^irovcmd.    Acconling  tO  Bbbzuh 

(PoofiKNDoBPF'a  Annalon,  Th.  ill.  p.  20«),  the  btap 

i-ess  with  which  clicmista  arc   yet   acquaiutcd,  b 

following :   The  boiling  .solution  is  mixed  with 

nf  potash,  by  »hirh  the  ^niater  part  of  tho  zirconbii 

ripitaitd  as  a  subsalt.     The  operator    tlicn   adds  I* 

solution,  which  is  acid,  n  smnll  quantity  of  ammoiiiii 

not  so  much  as  to  supersaturate  the  free  acid,  whicb« 

occasion   the  precipitation  of  the  oxides   of  eeiin 

yttria,  and  of  glueina.     The  precipitated  sub»ulplnBi 

zirronia  is  washed  %vith  pun^  wiiter,  by  which,  boirmc 

»mail  quantity  of  it  is  rrdiäsolved.    It  is  afterwards 

with  cauätic  potash,  in  the  manner  which  lia5  httt 

scribed  above.     I'rom  the  solution  which  is  filtendl 

the  xireonia  salt,  tlie  otfat^r  sulutauces  are  precipltalc' 

the  processes  which  have  been  already  described. 

XIII.    MANGANESE. 

Prrripilfttion.  h^  Carbonate  of  Petath, — ^The  pnHaiiil 
manganese  can  he  procipitati-d  by  pretty  nenrly  Ihr 
rcagcnti;  that  arc  employed  to  precipitate  luagwA 
compound  ^vilh  uhich  the  pmtoxiile  nf  ma^nicsit 
many  pro|MTtle.s  in  cummun.  The  LH>Kt  prccipiliri 
proloxide  of  nian^niue^te  is,  consequently,  the  c 
of  jMJtash,  There  are,  moreover,  in  the  preci 
of  the  protoxide  of  manganese  by  carbouat«  of 
many  of  those  precawtionarv  measures  lo  be 
which,  by  the  quaatiiatlvedetermination  of  nmti;nfm. 
Xwn  circumstantially  described.  The  prrcipiialtdO 
be  effected  in  a  boiling  .sohitiou  :  ihc  bcNt  nietbutl  is  t 
to  the  solution  of  the  protoxide  of  man^unesc  ati  en 
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carbonate  of  potash ;  and,  then,  by  a  strong  heat,  to  cvapo- 
rate  tbc  whole  to  dryness.  Hol  water  is  afterwards  poured 
(iTcr  the  drj'  mn^s,  upon  which  carbonate  of  protoxide  of 
manganrM;  rrniiiiTt.s  hrbint).  This  »alt  is  quite  insoluble 
in^water,  and  on  that  accotint  cuii  bv  much  more  accurately 
washed  tJian  the  carbonate  of  magnesia.  Tbc  filtered  solu- 
tion, also,  rontainK  nimf!  of  the  carbonate  of  protoxide  of 
man^nese  in  solution.  The  rarlmnate  of  protoxide  of 
manitfaneae  is,  aAer  waslung,  dried,  ignited  in  a  platinum 
crucible,  and  weighed.  During  the  ignition  it  l08cis  ita 
carbonic  acid,  nnd  is  converted  into  the  brown  interme- 
diate oxide  iif  mangHnesr  (Man^janoxyd-oxydiil).  This 
requires  a  pretty  stnmg  heat;  a  red  heat  ix,  however, 
sufficient.  From  the  \veiE:)it  of  this  brown  oxide,  the 
quantity  of  protoxide,  »hen  the  snbstJincc  under  cxamina» 
tion  contained  the  maoganosc  in  that  state,  is  calculated. 

If  the  solution,  from  which  the  protoxide  of  niancaneae 
i»  to  Iw  precipitated  by  carbonate  of  pola-sh,  contains  con- 
sitlembic  qnantitics  oi'  muriate  of  ammonia,  or  of  other 
anunnniai^al  sall-s,  the  precipitation  mu.st  be  proctreHcd 
with,  precisely  like  the  precipitation  of  niaRiiesin  by  car- 
^natc  of  potash;  and  care  nitist  Ikt  taken  to  add  the 
proper  quantity  uf  carboiialc  of  |K)tash,  which  is  to  bo 
ascertained  by  the  means  already  de.scribed. 

FrecipiiativH  by  Catutk  Potash. — Tlie  protoxide  of  mntl- 
eane.se  is  alfio,  like  magnesia,  precipitated  by  eauNlic 
potnrib.  'Die  precipitate,  which  is  protoxide  of  mani;ancse, 
with  water,  apjiears  whiti?  at  first;  lint,  ii|h>»  the  lilter, 
tliirinf;  tlie  wa.shin^,  changts  very  soon  in  colour,  in  cornce- 
qnen<:e  of  tiic  «bsorption  of  oxygen,  and  becomes  from  the 
mirface  throu^out,  black.  This  pn-cipitnic  is  lilicwise 
convertible  by  a  very  strong  heat  into  brown  oxJdo  of 
■aa^ancse.  It  is,  however,  in  but  few  rases  that  caustic 
po[njth  i«  emplnyerf  to  precipitate  the  prntiivide  of  man- 
ganese; eartionate  of  puLash  is  generally  prrfemtl. 

£atimaHoa  as  Sulphate  nf  Maagane«. — ^The  protoxide  of 
mantfuncse,  when  contained  iu  a  «olutioa  from  which  no 
other  substantM  is  lo  be  quantitatively  separated,  and  in 
wUch  no  other  fixed  cnnstiturnt  is  contained,  can  he  eüti- 
mated  in  the  «tale  nf  sulphate;  yet,  this  method  of  detcr- 
ntinatiuu  does  not  au^ucr  ho  well  with  this  MibslaiKc  as  it 
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«Iocs  witli  mapicsiii.   Whrn  Kul)>haie  of  protoxide  cf  i 

g:auese  is  ifniitvil  in  contuct  wit)i  air,  it  lom-s  a  sniifl| 
tionof  itsacid;  and  thence  it  coniuH,  that,  after  the  i 
a  very  siunjl  quantity  of  Ihe  salt  i^  found  to  be  ii 
water.  When,  however,  the  sulpli»te  of  protoxide  ofl 
gantso  has  been  only  I'eebly  igiiitcd,  tlie  quantity  TTbÜil 
Ü1U.S  tltxunipoM-d  is  very  iiieoasiderable  ;  and  in  a  |mI 
number  of  cases,  the  quantity  of  protoxide  of  miinpM| 
may  by  lliis  e:uty  |>nH'Css  Iw  suQieieutly  u'cll  det 
As  to  the  metiiod  uf  operating',  it  is  exactly  tbe . 
lUat  which  has  been  de^crilied  in  the  article  Ms 
pusc^  It  is  proper,  in  this  cxpvriincnl,  to  avoid  i 
»  very  ^-at  exec«»  of  sulphuric  «cid,  bucua»«-^  it  15 1 
to  expel  such  an  excess  of  acid  without,  at  the  samel 
expelling  a  pnrlioti  of  that  utiicli  stiouUl  remain  beliiii 

Prerijiititliun  of  Deutoxide.  nf  Alttnyttnese  bif  Ami 

When  manganese  exists  in  solution  in  the  »tatc  of  il| 
toxidc  (ManganoxydX  which  is  but  seldom  the  case,b4 
be  prccipitftted  by  caustic  ammonia.     Tbe  precipltUil 
deutoxide  uf  maiiKanese  thus  obtained,  caji  be  cunt 
by  strong  ignition  into  brownosttUe  of  munganese. 
[hi.s  requires  a  sreater  dcsri-c  of  heal  than  can  be 
by  a  spirit  lamp  with  circular  wick,  and  us  iho  of 
cannot  be  quite  sure  that  the  deutoxide  lojtes  oxygaiiii| 
a  lower  dcfjree  of  heat  is  employed,  it  is  better  to 
tbe  dcntoxidc  into  protoxidt!  »bile  in  solution.     Ilie] 
mctliod  uf  performing  this,  is  to  add  mutiattc  addto' 
Mtlution,  and  to  warm  the  mixture ;  a  di.scn{nigco)al< 
chlorine  then  takc-s  place,  and  the  deutoxide  is 
into  protoxide.    It  is  improper  to  add  sugar,  guju,or( 
organic  substances,  instead  of  muriatic  Hrid,  to  thei 
tion,  as  some  clirmLsts  hare  recommended  ;  fur,  alAs^l 
it  is  true  that  such  sulistanccs  elfixt  the  conversion  of  I 
dcutoxidc  into  protoxide,  yet  tbe  presence  of  non-vakli| 
organic  sub-'itanccs  in  the  solution  can,  in  a  great  DB 
of  cases,  be  pn>duclivc  of  disadvantages,*  and  even  OBi] 
prevent  the  precipitation  of  many  substunceji  by  iuca»'| 
aicalics.   Wben,  however,  it  may  be  desirable  to 
th«  dcutoxidc  into  protoxide  by  such  a  method,  thcfl^l 
stance  wliich  should  be  taken,  as  being  best  adnutt^l 
the  purpiMM-,  is  alrrthol. 
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An/nr/Jut  of  the  higkrr  Ox'utes  of  Manganesr  to  the  Hrtnra 
Oxide  by  IgHitUm. — When  the  compoand  to  b«  examined 
is  deittiixiilt;  nf  in>iiit;anei«e,  uhicli  WTiirs  in  nature  in  a 
üLili!  Ol'  puhty,  Hiul  iÜMi  ii)  conibinatiün  uilli  water,  or 
when  it  is  jicroxide  oC  manganese  or  substances  which 
contain  it,  the  best  method  of  prorceding.  -when  no  other 
fixed  constituent  than  manganese  is  preMcnt,  \a  to  ignite  the 
xiibstance  so  lon^  that  it  becomes  completely  converted 
into  brown  oxide  nl' miinganese.  The  Iokk  nf  weight  indi> 
CMC»  tile  quiinlity  of  the  oxygen  Kxpelled,  provided  no 
other  volatile  .sul>stanre,  as,  for  e\'<iniple,  water,  was  con- 
tained in  the  compound.  In  what  manner  the  weight  of 
the  water  is  to  be  eütimated,  will  be  explained  fartlier  on, 
under  the  head  of  Hydrofteu. — The  brown  oxide  of  man- 
l^tnesc  (Manf^anoxyd-oxydul),  is  an  oxide  of  manpauesej 
which,  acronling  to  the  experiments  of  Arpvkiison 
( AfhaiifliniQnr  i  F^ük,  T.  VI.  p.  227),  suft'cp«  no  nltcration 
on  boia^  exposed  to  a  red  beat.  Protuxidc  of  manganese, 
and  carbonate  of  protoxide  of  manjfanese  can  be  easily 
eouverteil  into  brown  oxide  of  niiiniranc-'<^i  by  beinf; 
strongly  ignited  in  a  platinum  crucible  over  a  spirit  lamp 
with  circular  wick,  provided  the  access  of  atmospheric  air 
is  not  c«implelrly  prevented.  Deutoxiile  of  mnn^incse 
and  peroxide  nf  manganese,  however,  arc  chan^ifed  into 
brown  oxide  of  maiij^nese  only  when  exposed  to  a  whilo 
h(>a1 ;  it  is,  therefore,  nece-ssary  to  i^ite  them  in  a  fur- 
nace. They  should  Iw?  placed  in  a  small  eounter{Kiised 
platinum  rnirihle,  and  the  latter  should  be  enclosed  in  u 
larger  earthen  crucible. — But  when  the  substance  to  be  exa- 
mined coMtiiinsi  extraneous  matters,  it  must  he  di-isolved 
in  murialic  arid,  with  the  iissLstaneo  of  heat;  and  the 
foreign  substances  must  be  separated  from  (he  rexulting 
solntjon. 

Strporat'wn  from  Zircoaia,  the  Oxides  of  Certma,  Yttria, 
and  GSuciii, — The  scpanition  of  protoxide  of  manganese 
from  xireonia,  the  oxides  of  ccritini,  from  yttria  and  glucina, 
can  be  effeeled  by  the  same  operations  (hat  are  employed 
to  »ejiarale  ma^iesia  from  the.se  subslanee.s.  The  prot- 
oxide of  manKaoese  is  not  precipitated  by  ammonia,  if  the 
nidation  coniHin.t  a  Inrge  quantity  of  muriate  of  ammonia. 
The  other  substances,  on  Ihe  contrary,  are  precipitated 
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under  theso  <:irt-iinislanceii.  But  hereby  is  the  precau- 
liutiary  measure  to  be  obsened,  of  cjuicUy  filtering  the 
prccipititte;  bccausr  the  protoxide  of  man^nesc  conttiincd 
iu  thn  animoniacnl  sobiiion  very  soon  becomes  more  highly 
oxidated,  niid  precipitates  in  the  stttte  of  deutuxide. 

ÜejHiTatiQti  from  Abimmn. — The  protoxidi^  of  inanijnneso 
ran  be  Hei»irated  from  altiniiim  aJüO,  in  the  name  mauiitr. 
Here,  however,  even  when  »  lar(;e  quantity  of  oiuriate  of 
ammonia  is  contained  in  the  solution,  a  small  portion  of 
protoxide  of  man^aucäc  i^  al^rayi;  precipitated  with  the 
lUuaiiua,  by  the  raustie  umuionin.  This  is  discovered  by 
the  brownish  colour  which  the  precipitnled  aluniitia  »(nhi 
ucquircü  on  l>cing  exposed  to  tbr  nir.  This  is  attributabte 
to  the  conversion  of  the  snail  qunutily  of  pioto.tide  of 
manganese  into  deutoxidc,  by  the  absorption  of  oxygen 
from  the  air.  The  prucipiluled  alumina  must,  conse- 
quently, be  a^ain  disMolvec)  in  caustic  polnsh,  upon  which 
the  dcutoxide  of  manganese  remains  undissolved.  Gene- 
rally ftpciding,  the  operation  i.i  to  Iw  «mdnctcd  in  the 
Kaum  manner  as  the  operation  of  ficparalini:  mauriefiia 
from  alumina,  by  means  of  caustic  ammonia,  which  opera- 
tion has  been  described  above,  at  page  31. — Abmiina  can 
alxo  be  immediately  .separated  fnim  protoxide  of  man- 
ganese, by  meanx  of  causUc  potash;  the  solution  of  both 
substanc«s  is,  witli  this  vievt',  to  be  gently  boiled  with  an 
excess  of  caustic  potash.  >Vhen,  however,  a  coosiderahlc 
quantity  of  ammoniacal  salb^  lA  contained  in  the  solution, 
it  is  better  and  more  economical  to  decompose  these  by 
means  of  carbonate  of  potash,  employed  with  hcni. — By 
bicarbonate  of  pot««h,  the  protoxide  of  manganese  cannot 
be  Ni'pnralrd  from  alumina,  bi-eauHC  the  protoxide  ofmao- 
gaueae  ia  dissolved  by  bicarbonate  of  potash  in  extremely 
fmall  quantity. 

Separallon  jTiTia  Mognesin. — The  .se|Hiraiion  of  protnxidf 
of  man^nesc  from  magnesia  H  effected  in  the  fdlluwins 
manner:  The  solution  of  bo(b  substances  is  mioglinl  with 
so  miicb  muriate  of  ammonia,  Ibnt  upon  tlie  subsequent 
addition  of  ammonia  no  precipitate  is  prodaccd.  If  Ihr 
Kolution  is  acid,  it  is  unneceAsary  to  add  mnriate  of  am- 
ntoni:i,  IwcHiiM-  a  Kiiflicient  (|unn(iiy  of  an  ammoniar:i1  salt 
is  produced  by  the  saturation  of  the  acid  witli  ummouia. 
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The  opcrntor  Üioo  adds  a  siifiicicnl  quantity  dI'  Whydni- 
siilphuret  of  ammonia  to  precipitate  all  ihn  protnxiile  of 
miini^tnrsr  in  the  stiitc  ofsulphurrt  of  iiiiLn^itese.  It  is 
not  iuili.s|K:n.sabl»,  in  this  ainc,  that  the  bihydriKSiilplmrL't 
of  ammonia  should  contain  no  free  ammonia,  llic  prot- 
oxide of  maneanese  is  precipitated  ns  siilplmrct  of  raon- 
(jHnKfW,  with  a  flesh  red,  or  in  lanj«  q«anlity,with  mure  of 
a  reddish  colour.  When  the  precipitate  baa  entirely  kuI>- 
■lided,  the  solution  is  filtered.  Were  no  attempt  to  filtiY 
the  .solution  to  be  made,  before  tlie  precipitate  had  com- 
pletely fallen  down,  the  solution  would  pass  through  tho 
(Uu*r  loo  nlitvvly.  The  sulphuret  of  niangano»4c  i^;  then 
L-dulconited,  not  with  purt?  water,  but  with  water  to  «hieh 
bihydrosulpharet  of  ammonia  ha.H  l)tren  added.  After 
edulcoration,  tho  siUphuret  of  mansranese,  npon  ihe  lilter, 
verj'  soon  ehanßcs  it:>  (X)lour;  it  acquires  osyfiCll,  and 
b«^comc3  at  the  surtat«,  first  brown,  and  finally  hlark.  In 
the  performance  of  this  operation,  it  is  »hsolulely  neces- 
sury,  on  aircount  of  the  rajiid  uxidLsin;;  of  tlie  sulpbnrct  of 
man^^anese,  to  lilter  and  to  wash  tlie  precipitate  williout 
ialerruplion.  It  is,  however,  impossible  to  calculate  the 
quantity  of  protoxide  of  manfpincsc  from  the  weight  of  the 
reswhini:  siUphiirel  of  mannam-s*?,  sim-e  the  l.'ittcr  has  tlie 
property  of  becoming  so  qnictly  oxidised.  The  sulpburet, 
logiether  nith  tbewet  fitter,  is  therefore  carefully  placed  in 
n  flsHs,  and  muriatic  acid  is  poured  over  it.  There  is  Uicn 
a  diacn^afcemcnt  ofaulphuretted  hydro^D  K^ä.  The  f^l&aa 
is  exposed  to  a  very  gentle  heal,  which  is  continued  until 
the  liquid  no  lonj,Tr  smelU  of  sulphuretted  hydropen ;  the 
itohition  i.s  ihereu[H>n  filtereil,  and  the  protoxide  of  man- 
guiese  is  precipitated  by  carbonate  of  pota.sh.  Tho  prot- 
oxide of  niansane,40  can  also  \Hy  converted  into  riulphatc 
of  proioxide  of  manjranese,  accordinR  to  the  instniclioiw 
which  have  been  given  at  pain^4^^ — Th«  .-Milution  filtered 
fnim  the  mati^neHe  c^mtains  the  whole  quantity  of  mac 
nesia.  Il  istirst  acidulated  by  muriatic  acid.todecf>mpiKSc 
the  excess  of  bibydmsulphuret  of  ammonia ;  and  the  solu- 
tion is  permitted  to  digest  at  a  gentle  heat  until  it  no 
lonRer  smell«  of  snlphnretteil  hydrocen.  The  solution  is 
then  liltm-d  for  ihc  |>ur)M)sr  of  »cpanitinir  ihp  fmrly  dirided 
.•«ulpliur  Mhirh  has  U^en  dcp«>sit<-d  4lurin^  the  di^'<'stioti; 
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alter  which,  tho  quantity  ol'  tbc  magnesia  coo  be  dim*] 
clrternniie«).      It   may   Ite   prcciftitaled    by    re 
{wtaiili ;  or,  whiit  is  bettL-r,  raw  be  convened  iolo  , 
of  DiagDe^ia. — Very  often  also  are  mn^esia  and  pttitnuj 
uf  mnn£iim'»cpn.'<<::ipiliitr<i  ti?^<-tliRrl>y  carbnnntc of  | 
tbcn  disi^olTcd  ill  oiuriiitic  acid,   nud   äcparaled 
tnnniicr  uliirli  ]m»  Iwcii  jii.tt  described. 

AnotbtT  iiiotliod  of  si>|>anilin^  pnitc»xic1e  nf 
from  magnesia,  ha»  l»et'n  Kivcii  by  Strom  kver  (I 
DORFr'8  Antialcn,  T.  xi.  p.  100).  A  current  of  tMml 
ffFiti  is  led  throiisli  111»  liquid  which  contains 
KLiuioeti  ill  soliitimu  The  solution  of  tht^  subst 
»miiDonly  cirfclu)  in  niurialic  »cid.  In  the  roM,  ^\ 
pasjiint;  of  chlorine  giis  thruiij^  the  solution  proilut 
chloride  of  inangunpäc  A  Holiititm  ul'  bica 
potash  proripilah-H  dcMitoxidc  of  niiut^nese  Qtom  Iki 
solution,  while  magnesia  remains  dissolved.  This  flwil 
afli'rwards  nhtaimMl  by  evaporating  tbe  filtered  soUatj 
liy  a  !itroii<;  heut  to  dn/iiesM.  Stromkv  kr  directs  i\ 
tioi)  uf  phosphate  of  soda,  to  which  aninu>nia  hail 
added,  to  bo  employed  to  pmjpitaic  the  ma^cxiiu 

Sej)firation  from  Lime. — The  separation  of  pro! 
manganese  from  lime  can  be  etiected  in  two  way«, 
very  »mall  quantity  of  pn)tüxide  of  matifcancse  is  b>b] 
.separated  from  a  very  Urge  cpiaiility  of  lime,  the 
which  Is  previously  to  be  pretty  much  diluted  with ' 
is  mixed  with  such  a  quatitity  of  muriate  of  amnuHHiiij 
upon  the  ndditiun  of  »n  excess  of  caimtic  anuac 
prccipitHir  is  produced.     If  the  .«oIutiiMi  is  acid,  tbei 
lion  of  inuriatL'  uf  ammonia  i:<  unnecessary.     Thpliw>1 
precipitatc:d  by  oxalate  of  ammonia,    und    llic  «I 
warmed.  In  order  that  the  oxalate  of  lime  may 
quidly  filtered;  for,  if  (he  lillralion  wore  to  be  pet 
after  some  time,  the  oxalate  of  lime  wimiM  be 
mtted  by  dcutoxidc  of  manganese,  because  the 
of  mun^anoKc  contuincd  iu  the  iuoinoniacal  sotutiMiWl 
comes  more  highly  oxidised,  and  tlien  prcci[»itates.~Fi» 
the  sohilion  filtered  from  the  ox:ilatc  of  lime,  tbc  prulr"^ ' 
of  maHi>:ane^  Is  tlien  citlicr  precipitated,  or  eunverti 
sulphate  of  protoxide  of  man^ncse. 

The  method  jttst  described   is,  however,,   tui] 
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wbeii  a  Inrer  qiiiiiitity  nf  pmtnxjdc  nf  niani^ncsc  Lt  tu  l»c 
Mpunttnl  fniiii  limr.  i'or,  iti  lliiK  ciksi-,  il  nouhl  not  otily 
be  more  diflicttli  lo  prevent  the  oimtaminalion  »f  Iho 
uxatiirt?  of  lime  liy  iltmtox iilr  of  uiaii^n^se,  but  üIho  al- 
iniMt  inip<>A.siI»li^  to  hinder  (he  prei-ipitalion  of  a  small 
quantity  of  oxalate  of  protoxide  of  maiisanese,  in  com- 
pany with  the  oxalate  nf  time,  cipccinlly  if  the  suliitiun 
were  not  exceed iotrly  diliiie.  lo  tJiLs  case,  therefore, 
another  process  mii.-il  Im?  follotved.  The  liqnid  is  mixed 
with  such  a  (juiintity  of  muriate  of  ammonia,  that,  upon  the 
addition  of  caustic  ammonia,  no  prci:i|ii (ulr  i.v  pntduced- 
Tbix  addition  of  muriate-  of  ammonia,  however,  is  nut 
required  \\hi-n  the  .sohition  is  very  acid,  because  by  the 
saturation  of  Utu  cxce.tH  of  acid,  a  sufficient  quantity  of  an 
aoimonincnl  solt  is  formed.  'I'he  protoxide  of  manpaneüte  ta 
ihcn  i>reripita(cd  hy  !»iliydro.siil]>hurc:t  of  ammonia,  in  tlie 
slate  of  Mulphurrt  of  miinganesc.  The  precipitate,  after 
baring;  subsided  lor  a  short  time,  is  ijuickly  separated  hy 
filtration;  both  the  luaticl  and  the  receiving  vessel  being 
carefully  covered  uiih  ^\as^  plates,  to  prevent  any  conta- 
mination of  the  salphnret  of  maniranese  by  carbonate  of 
lime,  Tlie  hcsl  melliinl  of  opcnitine  is  to  mi\  ihc  solution 
nilb  bihydnhsulphuret  of  ammonia,  in  a  diuik  which  can  be 
closed  by  a  cork,  in  orderthat  ihc  salpburet  of  manganeso 
may  have  time  to  siibüide  completely  willmiit  Itcing  af- 
fected by  the  preiMiDce  uf  atmospheric  air.  Tht>  sulphiiret 
of  manganese  is  immediately  edulcorated  with  water,  lo 
which  alittlebihydroituI|)hurtrt  ofauimonia  has  been  added. 
It  is  afterward»  treated  with  muriatic  acid,  in  the  manner 
which  has  been  descril»ed  above.  The  solution,  which  is 
filtered  from  tliesalphuret  of  manganese  is  acidulated  by 
ninrialic  aeid,  that  the  exre,««  of  bjhydrosulphiiret  of  am- 
monia may  be  destroyed;  and  is  exposed  to  a  geiilJe  heat 
QDtil  it  no  longer  smells  of  sulphuretted  bydrogeD.  This 
invariably  occasions  (be  preeipitntion  of  a  snmll  quantity 
of  sulphur,  vrliicli  is  separatt^^l  from  the  solution  by^lillra- 
tion.  The  solution  is  li)cn'U|H>n  sli^itly  Hupersattimti-d 
with  iimnionia,  and  the  Urne  is  precipitated  by  oxalate  of 
ammonia. 

Separation  from  Alitmifi/tt  Magne$in,  nnd  if«^.— When 
alumina,  magnesia,  and  lime  tire  to  be  separated  from 
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prutoxido  iif  maitgancKe,  the  metliod  of  procMAfM 
tlilTcrciit,  ucrtiriliii^  as  the  quantity  (if  prutuxtde  uf  tun 
fiaiirae  ia  amaller  ur  lander.  In  the  first  vAne,  Uiciul 
tion  ig  minelcd  with  Diitriutc  of  ammonia,  which,  boi^H 
i»  ant  necessary  wbuii  it  t-untaiiiü  free  «cid.  The  all^H 
ig  tliereiipoi)  preL'ipitated  by  cuustic  ammonia,  wliu^H 
the  same  time,  always  precipitates  small  qnantimij] 
magnesia  and  pnituxide  ormiitiir<tn)-Kc.  During;  ifatÜDfi 
tion,the  alumina  is,  as  much  as  possible,  protectf^IaiMv 
the  accesM  of  atmospheric  air,  in  urdor  thut  it  nuiy  w»* 
cuntiuniiiatc'd  by  carbunatu  uf  lime.  Tlie  lime  u  Uii 
precipitated  from  tlie  tittered  solution,  by  means  of  oittt'  ' 
of  ammonia.  In  order  to  svparutu  from  the  alnniinit' 
SBiall  portions  of  nmcncsin  and  pnHoxidc  of  manf^H 
which  it  contiiins,  it  is  ireatcd  witli  raiistic  iMttash,  iH 
niaDiier  wbidi  has  been  dfscril>ed  above.  The  »mall  p' 
tioiKs  of  protoxide  of  man^ne.sc  and  ma^ui*sia  Ml^fl 
Huived  in  muriatic  acid,  and  added  to  the  äululiooM^I 
from  the  oxalate  oi  lime.  The  protoxide  of  nunfl^l 
is  then  separated  from  the  mugiiesia,by  the  proceMoH 
has  been  ^ven  above.  J 

If,  OD  the  contrary,  the  quantity  of  pmtoxide  oCwM 
gancäc  is  Ini^rvr,  thim,  aller  having  precipitated  the  ah^| 
in  company  -nitb  small  portions  of  protoxide  of  mait^H 
and  muKHcsia,  by  means  of  ammonia,  tlic  upent<r^| 
the  Kiilnlioa,  and  precipitates  the  man^nese,  a-tantlpB 
of  manganese,  by  biliydnxsulphurel  uf  ammonia.  ^| 
solution  ta  filtered  fnjm  the  äiilphuret  of  Diuuganeae,MH 
lated  by  muriatic  acid,  and  heated  until  it  no  loofcf |^| 
of  etil  pbuTcttcd  hydnif^en.  It  id  then  tillered,  atid  sq^| 
turatcd  with  iuiimoniu;  after  u hieb,  the  lime  is  precip^H 
by  oxalate  uf  ammonia.  The  opt^ratur  cau  add  io^| 
tbc  solution  of  the  sulphuret  of  muuKancae,  the  m^H 
atid  siitutio»  of  the  small  portions  of  maKnesia  all^l 
toxide  of  manganese  uhich  vieru  prtHJpitated  wwf| 
aliiraiaa,  and  allernards  separated  by  caustic  potash;  M 
üiially,  the  solutiiin  which  is  altered  fron»  thi-  oxsUvfl 
lime.  The  whole  quantity  of  mu^nitcsin  cait  tht-u  bv  ixf 
dratc  from  the  protoxide  of  man^ncsc,  sine«  botil« 
together  in  thi.-<  mixture.  It  is  better,  however,  to  H** 
tatc  the  protoxide  4>r manganese  alone  from  Ü>e«ok|M 
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A^Hlplmtvt  t»r  mantrumsL-,  an<l  t\ta  magnesia  alone  ftrtim 
afeaOhitioii  filtered  Irnm  the  oxalate  of  lime ;  after  vlucb, 
Ibc  small  portions  of  protoxide  of  mnnnraiii'se  and  inagncaia 
nliich  tiavc  bcon  separated  from  the  alumina,  can  alsu  bo 
scparatt^l  and  quantitatively  e-stiniateij. 

Sej/aration  froai  Strontuiu. — Protoxidt'uf  maii^new  can 
be  separate«]  frum  strontian  us  fuUnwä :  The  operator 
adds  to  the  solution  of  hoth  substances,  so  miieh  muriatu 
of  ammonia,  that  no  precipitate  Ls  formed  on  the  addition 
of  ammonia:  if  ibc  fwlation  is  acid,  it  is  unnecessary  to 
add  muriate  of  Hnimonia,  as  tiie  addition  of  eanstic  am- 
monia alone  . suffices;  thereupitn,  tlie  manganese  is  preci- 
pitated in  the  state  »f  sulpburet  of  mau^^ucse.  Ouriiig 
the  filtering:  of  thiä  precipitate,  the  access  of  atmospheric 
air  must  be  prevented,  «r  carl)onate  of  sironiian  will  be 
prudaced.  Tbc  sohition  liltered  from  the  sulphurot  of 
manganese  is  then  rendered  acid,  and  filtered  from  tbe 
pn-ripitalrd  sulphur;  after  wliich,  the  siroutian  is  sepa- 
rated. This  iiicliiod  of  unuly.sts  in  better  than  that, 
according  to  which  the  strontian  is  precipitated  by  «ul- 
pburie  acid,  l)ecauHf  the  suljthute  of  siroutian  is  not 
(-otnpletely  in^ulubk'  in  water. 

iStparatiou  from  Baryta. — Frutoxide  of  maiiganeAe  is 
separated  from  barstes,  eMielJy  as  raai^esia  i^  separatcil 
from  barytt's;  that  is  to  s:iy,  Ity  means  of  sulpliiiric  acid. 
Barytes,  aec^rdin^  to  Tuhnkk's  Experiments  (Pogck.n- 
ddrpp'n  Aonalen,Th.  xiv.  p.  218),  is  eonlajued  in  almost 
all  maugauese  ores. 

Sfptiration  from  Fijt»l  Alctiliex, — The  separation  of  tlic 
protoxide  of  manganese  from  the  fixed  abalics  is  attended 
nitb  no  difticuJties.  The  solution  is  rendered  alcatinc  by 
icmia,  and  the  niidiicanese  is  precipitated  as  sulphurct. 
soluliuu  is  tillered  from  the  sulplmret  of  man^anc;>e, 
acidulated,  warmed,  ajul  a^aiu  filtered.  The  quantity  of 
alcali  contained  in  the  solution  is  Iheti  estimated  iu 
manner  Hbieh  has  becu  described  above. 
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CoNverntm  of  Proitaide  of  Iron   into   Peroxide, — The 
quantity  orinin,  whvtber  it  be  contained  iu  the  substance 
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to  be  exjiiiiined  as  meiaUic  iron,  or  as  protoxide,  | 
or  intenuediutc  btark  oxide,  is  estimated  unJv  as ; 
Whrn  »  rumpound  contains  metallic  iron,   pnitui 
black  oxide,  ii  is  diäsolved  in  nitric  acid  or  in  äqual 
Ihr  iruo  then  exisisin  the  sola  (ion  in  thty  state  of  i 
Wbrn  a  stiluiion  cuniainK  prolo\ide  or  black  o% 
rai\€ii  «iifa  a  liiUe  nitric  add.  and  exposed  tubcat^l 
wbicb  prroxide  tsprodttced.   tf  the  «olution  bei 
the  coBiplt'te  oudatiim  is  doi  effMiod  until  tlir 
has  hem  roncvntrated  t>y  wapuratiaii.     W  hen  thei 
of  protoxide  is  pretty  coasid^raUe,  the  snladon, 
addition  of  nitric   acid,  and  aArr  it  bas    Ixvn  pD 
wttmcd.  bcr«Bc5  btadi,  aad  almost  opaqnc* ;  Imt  i(  i 
sits  DO  prrcipiiatc,  and  very  soon  aftcnvards  1 
the  operator  may  ibvn  rest  a:äiured  that  aU  tbo 
h»s  been  complelely  riuuigrd  into  peroxid«.     Tbs  I 
ruJoor  is  owine  to  the  pn»mre  of  nitric  oxide, 
produrcd  by  the  drcompositioa  of  tbr   nitric 
akaofbed  by  the  Elution  of  unileconipoeicd 
iron. 

I*nripitiitwm  tf  Ptnndt  oflnm  fy 
»notation  rootains  peroxide  of  in»  only,  the 
is  cfcclcd  by  caastic  ai— naia-    Tbc  peroxide  of  i 
DMiet  cmnpletety  precipitated   tbcrrby.      The 
is  reddi^  biwva,  rety  boiky,  and,  like   tfar  pf 
aüwded  by  «lamina,  shnaks  lofedMT.  is  some 
tba  SiVT  while  betnc  waAed.     On   drytii^ 
diminisb»  rxtn-urly  in  boll,  and  ftit^M  a  hnri, 
brown  mafi:?.     If  the  solatioa  »  ■aimul 
of  th«>  peroxide.  tlK  pnecipitair 
immediate^  both  darker  and  »ore  compact ;  aftefl 
dried,  it  ia  iniHicd.   liisliaMetodcrrrpitate  «hi 
Ott  wUch  accOBt,  it  is  ■ecgamry  to  *Vt>hr  ^^ 
caatiaMiy   al  irsL    Tbr   peiuxide  k»ca    ao   oxyesfl 
beiac  i««Ited  vnr  the  sfänt  tuap  with  m. 
behmft  «Hh  &e  pe 
ul'  any  portiaa  uf  the-  lattc«. 
:  «f  air  is  pradaced. — 1 
W  ^aaatity  of  wmc^  mt 

itb  Bay  hate  eslKed  m  «fcr 

Ij««,  t«  a.'vettaiaed  hy 


^^^■^  PRRCIHTATION  AS  Pl'UPHtBIIT.  fiS 

'  J*r»njntatioa  af  Peroxid*  of  Iron  by  Cauntic  Potath, — 
The  (K-ruxidi:-  ol'  iron  can  also  bo  coiupletely  precipitated 
I»y  caiislic  |>otU8h.  Ite  prccipiliiir,  liimcvrr,  i*  very 
tlilficiillly  wushcd  rtvaii,  uiid  ithviivs  retain»  u  Jittlc  polaäb, 
ID  i'oaseqDcnce  ofwliich,  Ihv  aiiul]'si.s  iippvars  to  produce 
a  sliiirbl  exresuuC  jKroxidc  ol  iron.  If,  tlHTcforf,  puroxidö 
of  iron  has,  in  any  t-asc,  bwn  prefipitutt^d  l>y  caustic 
fMitRfih,  Ibp  precipitate  must,  while  still  ntoidl,  be  redis- 
Mtlvcd  ill  muriatic  acid,  and  prvcipitutrd  ufri'sh  by  caustic 
uuituuiiiit. 

Precipitation  of  Peroxide  of  Iron,  hy  Carbonate  of  Pottutk 
or  Ammoaia. — Tbc  peroxide  of  iron  is  wholly  prei'ipitable 
by  carbonate  nf  potash  or  turboiiale  ut'  aDiiuuiiiti,  iroiii  a 
solution  which  i»  neutral.  l(  the  sotutiun  of  peroxide 
of  iron  he  ucid,  th<<  bicarbonati'  of  nirali  uhich  is  produced, 
rctuius  a  jMirtiou  of  ptnjxidc  of  inia  in  solution.  'V\ns 
portiou  of  peroxide  is  completely  precipitated  mIicd  tho 
M>lution  has,  during  a  considerable  time,  been  exposed  to 
heat. 

Prtcipltalitm  of  Iroa  btf  Bifiifdrosvlplwret  of  Ammonm, — 
In  a  threat  number  of  ra-te:«,  jK-roxide  of  iron  b>  precipitated 
as  Hülphiirct  of  iron,  for  the  purpose  of  separalinn  it  fmm 
other  subsiances.  To  tliis  end,  the  solution,  if  it  be  acid, 
im  neutralised  by  ammonia,  of  which  a  slight  excess  may 
Im*  added.  Tliis  exceiw  prodnces,  indeed,  a  precipitate  uf 
peroxide  of  iron,  nhirh,  however,  is  nut  disadv:uimj:ei>us. 
The  operator  oow  add^  bihy dru.su Iphuret  of  ammonia  until 
all  the  peroxide  of  iron  is  converted  intosulphurct  ofimn. 
Tills  sulphurct  foruis  a  bidky  black  preripitüte  which  Kinks 
Tcry  slonly.  When  the  supenmtuut  lirpiid  lias  merely 
a  yellow  colour  from  the  excess  of  biliydrosulphuret  of 
ammonia,  the  solulinn  is  tillered,  and  the  siilptiiirei  of  iron 
ir.  immediately  washed  with  water  coufainiuiy;  a  little  Uihy- 
drosalphurot  of  ammonia.  Often,  atYcr  (lie  »ulphuntt  of 
iron  has  f;ill.-n  down,  the  suiK-rruitant  solution  exhibits  a 
preen  c<ilr)ur.  This  colour  ari^ies  from  (he  presence  of 
finely  divided  sulpliuret  of  iron,  whirli  remains  susitcuded 
in  llie  sulutiou,  atul  docs  not  suUsidi'  till  iifttr  a  consi- 
derable lime.  If  the  .-Solution  bo  liltered,  il  pii.s.'ies  },Tcen 
through  the  tilter.    To  prevent  this  accident,  it  is  only 
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ncHresiiary  to«xposc  tbe  ^;reen  coloarcd  liqnid  rorai 
derable  time  to  a  fi:entle  h«at  on  the  sand  batb;  tiei 
ptiurot   of  iron   thon   miiisidos,  and     the    liquid 
yellow.     The  sulphiiret  of  iron  iipun  the  filter  «rj  I 
becomes  oxidiitcd  ;  il-s  surfarc,  aTtcr  a  jtbort  lime, . 
n  rcddi:^!)  roluur,  wliiili  is  ^radnally  comiunnicatHj 
whole  mass.    Thi.s  rnpid  oxidatioa   of  th«  nil 
iron  renders  it  iinpoüsible  to  determine  fVom  its 
the  (|ii:uitity  of  |>eroxide  of  iron  which   is  its  eq«h 
the  sulphuret  must,  iherKlore,  be  converted  into 
The  method  of  treatment  is  much  the  same  as 
ptoyedwith  the  precipitated  ittdphnrct  ofmangai 
still  moist  sulphuret  of  iron  is  placed  with  the 
ft  glasH,  and  hau  murtatic  acid  poured  over  it;  bf 
Rulphurctted  hydrogen  gas  is  disengaged,  and   tbcj 
pitale  is  disHolvcd.     The  solnlion  is  then  cx| 
gentle  heat,  until  it  loses  Ihc  snirll  of  »ulpfauret: 
drohen.    The  operator  now  filters  the  sulntion, 
filter  accurately,  adds  nitric  acid  to  tlie  lUtcred  liqn 
exposes  it  ajiain  to  heat.    The  solution,  previniisl 
addition  of  the  nitric  acid,  contained  the  iron  in  tba^ 
of  protoxide.    By  the  joint  ageucy  of  nitric  acid 
the  protoxide  is  converted  into  peroxidr,  which  i 
be  precipitated  by  ammonia.    The  i^ulphnret  oCir 
the  filter  mnst  not  be  treated  directly  with  nqna  trf».* 
the  pur[io.<ie  of  immediately  convertiin;    the   inni  of* 
sulphuret  into  peroxide.    The  reason  of  thiü  prec 
that  the  action  of  aqua  regia  upon  many  »sorts  of] 
pnidiicca  ccrtiiin  organic  sTib.stnnce.s  which  misfat| 
hinder  the  precipitation  oflhciMToxide  of  iron  byi 
— When  iron  is  to  be  precipitated  as  .•iulphurct,  the  i 
oxidation  in  whieh  the  dissolved  iron  exists,  is  aiMi 
indiflerence.      Protoxide  of  iron  is  precipitated  bj  I 
drosulphuret  of  ammonia,  with  the  same  nppeanoc*' 
peroxide  of  iron.     If  the  sulphuret  of  iron  br 
ignited,  and  the  accents  of  atmnspherical  air  l)c  not ' 
restrained,  it  in  possible  thereby  to  convert  it  entinhi 
peroxide  of  iron.     Pot  this  purpose,  howeTtr,  a  fl 
heat  is  required  llian  ciui  possibly   he  produced  b:_ 
spirit  lamp  with  circular  wick.    The  oxidation 


SRPARATION  WJtOiS  MANGANRRR. 


55 


easily  effected  in  the  mafHc  of  a  small  cnpellntion  furnace. 
The  solphtiret  of  iron,  wiih  Ih«  filter,  sliotild  Iw  plared 
tbemu,  in  a  smalt  counterpoised  jilalinum  capsule  or 
crucible 

Separation  from  Protoxide  of  Manganote  hif  Alcatinc  Sue- 
ctHates. — The  separatitm  of  peroxide  of  iron  from  protoxide 
of  manfTftQCsc.  iü  pt'rforraed  as  folio^vs :  Both  oxides  being 
dismilved  in  an  acid,  for  example,  in  muriatic  acid,  the 
operator  cnmroeiict^s  by  adding  muriate  of  uinimmiu  to  the 
solution;  this  is  particularly  necessary  when  the  (juauiity 
of  the  protoxide  of  manganese  is  very  cooäiderabte  in 
comparison  with  that  of  the  peroxide  of  iron.  AVIwn, 
bouever,  the  liquid  i»  very  ncid,  the  addition  of  nmriatoof 
ammonia  Is  Hnncceitsury,  sine«  the  saturation  of  the  acid 
wilb  ammonia,  in  the  next  step  of  the  operation,  produce.« 
a  sufficient  quantity  of  un  ammoniacal  salt.  Tlie  solution 
must  tliea  be  very  exactly  saturati^  by  ammonia.  TUs 
ax*ct  saturation  itt  a.  thing  ivliich  it  is  very  difficult  lo 
ifect.  It  is  particularly  disagrct-able  when  the  ([uontity 
of  protoxide  of  manganese  is  conKiderable.  When  the 
solntioii  is  pretty  near  the  i>oint  of  neutralisation,  the 
ammonia  must  be  added  very  cautiously;  it  i.s  best  to 
anploy  a  solution  of  ammonia  in  a  very  larf;e  ijuautity  of 
water.  Thi«  diluted  ammonia  should  be  added  to  the 
saline  solution  in  drops.  It  is  knoMu  tliat  a  uufliricnt 
(|uantity  bus  been  added,  when  upon  Ktirrin^  the  .solution, 
the  Nmall  quantity  of  peroxide  of  iron  thrown  down  by  the 
but  droixH  of  ammonia,  doed  not  rcdissolve.  Whi-ji  thin 
point  in  reached,  the  solution  is  placed  in  a  situation 
where  it  is  very  slightly  wormed ;  the  small  quantity  of 
precipitated  peroxide  of  irou  then  diKKolve».  A  very  small 
fjaantity  of  diluted  »mmonia  is  apein  added,  the  solution 
ia  ugoin  warmed,  <uid  thus  the  process  is  continued  until 
a  smaJ]  quantity  of  iwroxide  of  iron  n*main.<i  undissolved, 
and  cauoot  be  made  to  disappear  by  submitting  the  solu- 
tion (o  the  action  of  a  verj-  gentle  heat.  There  being  now 
a  small  quantity  of  peroxide  of  iron  precipitated,  it  15 
esäeutial  that  thu  supi-rnatuut  liquid  poRseKs  a  rrd  colour, 
and  retain  still  the  greater  part  of  the  peroxide  of  iron  in 
rtolutinn.    If,  by  the  addition  of  too  much  amnitmia,  all  (he 
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peroxide  or  iron  has  been  precipitated,  it  i«  nc 
add  to  the  solution  a  few  drops  of  cxtrotnely  weaki 
atic  acid>  and  to  endeax'oiir  to  rediHsolve  all  but  1 1 
small  portion  of  the  prrriiiitHtnl  peroxide.      The 
»alion  hftTiiig-  ht^en  Ihii»  rffiTttd,  the  opcrwtor  masti 
the  solution,  a  solalion  of  n  neiitnil  succinate, 
duces  an  ahtind.tnt  einniimon  hroun    precipitftM: 
cinate  of  peroxidt!  nf  iron.     'Vhh  procipi  tute  is  nnickl 
bulky  tliari  ihitt  of  jH-roxide  of  iron   throw-n  down  I 
monia.    All  the  reeiled  precautionary  mi-usurcs  nm 
»ary  to  avoid  the  precipitation  of  truces  of  nun; 
When,  beforo  the  ndditiun  of  the  ajcrolinc  sncci 
small  portion  of  peroxide  of  iron  is  precipitated,  wl 
Renter  ponion  is  still  kept  in  solntion,  tht-  op*nt 
l)c  sure  that  no  trace  of  protoxide  nf  manganese  is  I 
ward  precipitated  with  the  peroxide  of  iron.    If  the : 
baa  been  previously  saturated  by  ammonia,  he 
sure  that  it  is  absolutely  neutr»! ;  and  when  this  i»l 
OM,  tracett  of  succinate  of  peroxide  of  iruu  can  afttt 
remain  in  solution. 

Mlieii,  from  the  solution  of  a  neutral  persalt  ofl 
peroxide  of  iron  is  to  be  precipitated    in    tlie 
socrinnte,  the  neutnti  alraline  Hitectnate  can,  of  i 
applied  immedi;ilely  to  the  sohition  of  the  persalt  of  I 
When  completely  cold,  the  succinnto  of  perovjde  ofip 
filtered,  and  i-ilulcoriiti-d  with  c<dd  wnter.     Wann 
cannot  he  u^cd,  Iwi^aurtc  it  dcfoniposes   tbr 
and  diRsoIre^  an  acid  succinale  of  troiu     The 
may  employ  for  these  prp('ipitation.s  thocrvätalliflcdi 
natc  of  soda,  uhich  cnn  iiluayit  he  ohtiiiiu-d  iu  a  slUf' 
neutrality.    But.  in  ^neiul.  the  neutral  succirulc  <f  ■ 
monia  is  used ;  and,  indeed,  there  arc  very  many  cumI 
which  it  is  impo.ssibtc  to  use  any  other  Muccinaie.  kl 
not,  however,  the  crystallised  snccinate  of 
which  use  is  made,  as  that  is  an  acid  Kult :  the 
succinate  of  ammonia  i.s  formeil  hy  the  satiirution  ofd 
anunonia  tsith  üuccinic  acid.     When  the  succiuatc  >4i* 
has  been  washed  and  dried,  it  is  healed  to  n-dneftic  tk 
the  ifniilioD,  the  operator  mast  take  particular  a* 
sapporl  a  current  of  air,  lest  tlie  pentxiüc  of  in» 
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The  op«rntor  llw-n  adds  a  Kiifticient  quantily  of  bihydro- 
sulphuret  of  ammoniii  to  precipitate  »tl  Üil>  proloxido  of 
mniigiinese  in  the  slate  of  xulphiirrt  of  iiiitnt;aneN(?.  Jt  ig 
ttot  tndi»]M.>ns»tiU%  in  this  r-iisi-,  Ihat  the  bihydiosiilpiiurct 
of  ammonia  should  contain  no  free  ammonia.  The  prot- 
oxide of  manganese  i«  precipitated  as  sulpliuret  of  man- 
ganese, with  a  flcsb  red,  or  in  hirpe  quiiiilily,  wilJi  more  of 
a  reddiitli  colonr.  Wfacn  the  prt-cipitalc  haM  entirely  sub- 
sided, the  solution  is  filtered.  Were  an  attempt  to  ßlter 
the  »oimion  to  be  made,  before  the  precipitate  had  com- 
pletely fallen  down,  the  solution  troald  pass  through  the 
filter  ton  «lowly.  The  stilphuret  of  raan^nno»«  is  then 
«'drilcoruled,  not  with  pure  water,  but  with  water  to  which 
bihydrosutphurt-t  of  ummoni»  lia.t  t>ecn  added.  After 
edalrorution,  the  siilphiiret  of  ntiinsranese,  upon  the  filter, 
Tcrj*  soon  changes  its  colour-,  it  acquires  oxygen,  and 
b(T0rae3  at  the  surface,  first  brown,  and  finally  hiark.  In 
the  Performance  of  this  operation,  it  is  ahxohitely  ncccs- 
tiary,  on  ucconnt  of  the  rapid  oxidising  of  the  siilphiin-L  of 
maoganese,  lo  tiller  and  to  »a.sli  tlie  precipitate  wiihont 
interruption.  It  is,  however,  impossible  to  calculate  the 
quantity  of  protoxide  of  manganese  from  the  weight  of  the 
resulting  sulphunM  »f  mHJigam-K<.',  since  the  latter  has  the 
properly  of  becoming  so  quickly  oxidised.  The  sulphuret, 
tof:ether  with  the  wet  filler,  is  therefore  carctiilly  placed  in 
a  gla.s.s,  «ml  muriatic  acid  is  poured  o%er  it.  There  is  thru 
a  di.-H'ngagcuK-ul  of  sulphuretted  hydrogen  ga^.  The  gla^s 
is  exposed  to  a  very  gentle  heat,  which  is  continued  tmül 
»he  liquid  no  loimer  smt?!!;;  of  s-ulphuretled  hydr(»gen;  the 
Milution  is  tliereupon  filtered,  and  the  protoxide  of  mun- 
ganesc  is  precipitated  by  carbonate  of  potash.  The  pmt- 
ide  of  mancanciH:  can  also  be  converted  into  sniphale 
pruto:iido  of  manganese,  according  to  the  instructions 
whirh  have  been  given  nt  pace  4^1. — The  KOiution  filtered 
from  the  manpincse  cnntsiin-i  the  whole  quantity  of  mag. 
ni*sia.  It  is  first  acidulated  by  muriatic  iicid,  lodec»mpu.se 
the  excess  of  bihydrosulphurel  of  ammonia ;  and  the  solu- 
tion i»  permittcfl  to  digest  at  a  gentle  beat  until  it  no 
longer  smells  of  sulphuretted  hydrogen.  Tfie  .«olution  is 
then  filtered  for  the  piirpciw  of  separating  the  finely  divided 
.iillphur  tthicb  has  lH-(>n  de|M>sited  daring  the  digestion- 
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extremely  acid,  the  addition  of  muriate  of  annoonii  i 
iinneceitsarf .   An  excess  of  ammiinia  is  also  to  be  vmU 
The  prec[]|)itatcd  pr>rnxi(lc  of  inm  is  fUtertHl  asqn 
possible,  lest  it  beromc  conlajuinated   with 
manganese.    Should  the  presence  of  niiuiemn<-<M  l> 
suspeetcd  in  the  penixide  of  iron  IhuR  separated,  die 
cipitate  must  bo  rcdi8<iolred  iu  muriatic    arid,  nai 
peroxide  of  iron  be  precipitated  in  the  state  uf  bi 
Tbc  {leroxidc  of  iron  and  the  protoKidc  of  man] 
thus  easily  and  complcttHy  separated. 

Prtcipitation  hy  AlfoUne  Bensoates. — iDStcaü  of 
cinate«,  wo  can,  acn)rditi)f  to  HiKiNriBit  (^Affumdl 
Fyxik.T.  III.  p.  152),  employ  ttic  benzoates  with  ikr  ft; 
good  consequences.  Peroxide  «f  iron  is  ns  pe 
cipitated  by  the  one  aa  by  the  other.  And,  by  the 
tation  with  benzoate«,  the  same  precautionary 
are  to  be  observed  as  by  the  precipitation  w-ith 
Formerly,  when  benzoic  acid  was  ehoaper  than 
aofd,  tlicrc  wiLs  some  advantage  to  be  ^ajnu<l  by  nri 
fomieraäu  precipitantof  this  prroxidn  of  iron.  At 
however,  the  advantage,  iu  point  of  ccunotnj,  lies 
other  side.  There  are  other  circiimstunces  too, 
render  the  entplovmeut  of  ttutcinates  prtffemble  to 
bcn7x>ates.  The  precipitate  of  benzoalt^  of  iron  n 
more  bulky  tliiin  that  ofsnccinatc  of  iron,  and  astfel»] 
zoic  acid  contaißj  much  more  carlKtn  than  tht-  so 
there  i»  still  more  ficcaiiion  todread  the  reducing 
the  subsequent  ignition.  NevertheJess,  llie  opcfat« 
the  same  resource  here  that  he  had  in  ihe  forntom«: 
can  separate  the  benzoic  acid  from  the  bcnzoale  nTi 
jil£t  &A  be  could  separate  the  succinic  aind  fnim  tbr  t^ 
natc  of  iron,  that  is  to  say,  by  caustic  ammonia,  lab' 
cases,  the  addition  of  ammonia  to  the  prccipitali*  m* 
lilter,  effecls  the  separation  of  most  of  the  succinic  wtiAM 
ncv«T  of  tlie  ichde. 

Heparatwn  from  Zirrcmia, — To  «rpamte  peroxidaof 
from  zirconia,  the  operator  bepins  by  adding;  to  the 
solution  of  the  two  oxides,  a  sotutiuii  of  tartaric  ariit  T 
acid  has  tlio  property  of  rendering  a  grt;at  ninnberaf* 
lions  of  metallic  oxides  and  earths,  incapable  of  prcdfi 
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wlicD  a  lüTsr.  qiiiinlity  nf  pniltixiilc  iif  raiuigane^fe  is  (o  be; 
separateil  iVoin  lime.  Fur,  in  Ihis  case,  ii  would  uol  only 
be  more  difficult  to  prvvt'nt  llie  ronluniination  of  tJiti 
uxftlate  uf  lime  by  ileiiloxidi;  of  mangaue&e,  but  also  al- 
moHl  iiupo!i.sible  to  hinder  the  precipitation  of  a  snm]l 
quantity  of  oxalate  of  protoxide  of  nianirancHc,  in  com- 
pany with  the  oxalate  of  lime,  especially  if  the  solution 
were  not  exceedingly  dilute.  In  this  cose,  therefore, 
another  prores«  must  be  fuUownrt.  The  liquid  is  nii\od 
witli  such  a  quantity  of  muriate  of  ainuiunia,  that,  npim  the 
additlun  of  eauxtic  umniuiiia,  no  precipitate  tu  prmlutxrd. 
This  addition  of  muriate  of  ammonia,  however,  is  not 
require«!  \«licn  the  iüuliitiüu  i«  rcry  acid,  because  by  the 
sataration  of  the  excess  of  acid,  a  sufficient  quantity  of  an 
atnmtmiacal  salt  is  formed.  The  protoxide  of  mannanese  ig 
then  prccipitatrd  by  biliydro-iulpliuret  of  amuninia,  in  the 
■tate  of  sulpliuret  of  maneanese.  The  pitMripitate,  after 
barinc  subtiided  for  a  .short  time,  is  quickly  separated  by 
filtration ;  Iwth  tlie  funnel  and  the  receiving  vessel  beinff 
carefully  covered  with  glass  plates,  to  prevent  any  conta- 
mination of  the  Ktilphuret  of  nmnganese  by  carbonate  of 
liine.  The  best  uiethud  of  operatint;  is  lo  mix  the  .solution 
with  bihydrosulphuret  of  ainmouia,  ia  a  flask  which  canlMJ 
closed  by  a  cork,  in  orderthat  the  sulphuret  of  manpancsc 
may  have  time  tu  subside  completely  without  bcin^  af- 
fiKTled  by  the  presence  of  atmospheric  air.  Tlie  sulphun-t 
of  manganese  is  Immediately  edulcorated  with  water,  l*> 
which  a  little  bihydrosulphuret  ofammonia  has  been  added. 
U  in  afterwards  Iroatcd  with  muriatic  acid,  in  the  manner 
which  has  l>een  descril>ed  above.  Tlie  solution,  which  is 
filtprvd  from  the  sulpburel  »f  man^anpse  is  acidulated  by 
muriatic  acid,  that  (he  excess  of  byhydrosulphurel  of  ara- 
monin  may  he  destroyed;  »ad  is  exposed  lo  a  $;ciille  beat 
antit  it  no  longer  fimells  of  sulphuretted  hydrogen.  This 
invariably  occasions  the  precipitation  of  a  snmll  quantity 
of  sulphur,  which  is  M-ji;ira(eil  from  ibe  Solution  hy  fillra- 
tion.  The  .lolutiou  is  tht-n'Ujion  sliylitly  supertatunited 
with  ammonia,  and  the  lime  is  precipitated  by  oxalate  of 
aumionia. 

Septtrathn  from  Atumiiut,  Maguuta,  and  Lime. — When 
alamioa,  mapiesia,  and  lime  arc  to  be  se[tarate(l  from 
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ifl  separated,  toili  U\nn  ^'lucina  and  nluiuina,  by 
potash.  Tlic>  solution  is  evaptirnted  to  a  r»tb« 
volitmr,  iintl  then,  in  a  CHpsulc  (if  porct^lain,  or  still 
bt  pliLliuiiiu,  is  mixed  with  n  stiltition  of  caustic 
and  LS  wnmtt-fl  or  gently  iMiilrd.  At  first,  all  Ibe 
are  prrcipitalod,  but  if  a  sufficient  quantity 
pi)ta.st]  has  boeu  uddcil,  the  alumina  and 
ri-di.ssoh  ed.  lu  prupurtion  as  the  fwo  carlhs 
llie  undissolved  rcmuiiidcr,  which,  in  the  eiiil.  i 
tif  pcruxidc  of  irun  ulonc,  bccomt»  more  durkly  h 
its  colour.  1*he  opemlor  filterA  the  saliitioti,  und 
the  peroxide  ol'irun.  He  stipe rsalurittt-s  the  liJicre 
M'ith  niuriatir  acid,  and  then,  it'  it  contain  aluB 
priTlpitiitrs  il  with  carbonate  ul"  aninlonia  ;  €>r.  il'  it 
^lurjiia,  he  pTi-cipiUtte.s  it  with  cauätic  ammooiu. 
both  these  earths  be  present,  they  must  be  scpanle 
mUUWr  ^^hieh  hns  been  desrrihed  at  pau:«.*  37.  1 
oxide  of  iniii  tiiuKi,  in  the  catie  of  «d  uccu  rale  anal 
redis solved  in  muriatic  acid,  and  precipitated  bjr 
iimniiinia.— This  method  of  si-puratinc  tlie  pero^iik 
t'lom  ^iui'ina  und  alumina  has  a  ver\  disut?i¥eabli 
dant;  it  i$,  that  an  opcniior  who  is  not  %cry  expo 
can  never  toll  when  the  pntper  quantity  of  caustic 
is  added  to  the  sohition.  The  dark  bruwD  culon 
undissolved  peroxide  of  iron  is  a  guido  which  i 
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(W  Külpliiiret  of  nian^ani'SL',  atid  llie  maifiieiiia  alone  fVittn 
the  solution  filtL-rei)  iVuiii  ihc  oxaliiti;  of  litiic;  after  wbich, 
the  small  portioDS  of  protoxide  of  mnn^ancsc;  and  mjigneaia 
which  have  been  äopnmtcd  from  the  ataniina,  can  also  bo 
separated  and  quuntitutively  cslimun^d. 

Separation  from  Strottlinrt. — Prt»toxid«  of  niaii^nese  c;ui 
be  separated  from  stroatian  as  followii :  The  operator 
adds  to  the  sohition  of  both  substances,  so  much  muriate 
of  ammonia,  that  no  prtx^ipjtatc  is  formed  on  the  addition 
of  ammonia;  if  tho  solution  is  acid,  it  \s  unnecessary  to 
add  muriate  of  lunmonia,  us  the  addition  of  caustic  am- 
monia aJone  suffices;  therctiiKHi.  the  manganese  is  preci- 
pitiittni  in  the  stiitc  of  sulphun;t  <if  mani^anese.  During: 
the  rilterin;;  of  thii«  precipitate,  the  access  of  atmospheric 
air  must  lie  prevented,  or  carbonate  of  strontian  will  bo 
produced.  I'he  solmioa  filtered  from  the  sulphuret  of 
manganese  is  then  rendnret)  acid,  and  iiltered  from  the 
prcripilated  sulphur;  nftcr  which,  the  strontian  is  .sepa- 
rated. Tbi.s  mrlhod  of  uualy^i.s  \i  bettvr  than  lUut, 
ACCordinK  to  which  the  strontian  is  precipitated  by  sul- 
phuric acid,  hecauM-  tin?  sulphate  of  utronlian  is  not 
completely  insoluble  in  wati-r. 

HgparatioH  from  Batytet. — Protoxide  of  manganese  ix 
separated  from  barytes.  exactly  as  niaifncsia  is  separated 
frwu  barylc:^;  (hut  is  lu  any,  by  means  of  Nulplnirir  acid. 
Barytes,  according  to  TuknüR's  Experiments  (I'ocgen- 
iMiRP^'s  .^analen,  Th.  xiv.  p.  218),  is  contained  in  nImoKt 
all  DiaiigaueTte  urvs. 

StrfKiralioH  frvm  Fixed  Alcalies. — The  separation  of  llic 
protoxide  of  mansancsc  from  the  fixed  alcalics  is  attended 
with  no  diflicultios.  The  solution  is  rendered  alcaUuc  by 
lOnia,  and  the  nmn;:anese  is  precipitate<l  as  sulphuret. 
M>luliou  is  Iiltered  from  th«  sulphurut  of  maof^ancse, 
acidulated,  warmed,  anil  n^in  Iiltered.  The  (|uanlily  of 
the  alcaii  contained  in  the  Hojution  is  then  estimated  in 
tlu;  maftucr  nhlcb  bos  been  described  above. 
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lAmerrnan  of  Protoxide  of  Iron   into  PentxitU, — Tin» 
quantity  of  iron,  whether  it  l>c  contained  in  tli«  substance 
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rated  from  yttxia,  hy  llie  pr» 
from  xiaoiiia.  Mure  t^cnrrat 
itcparatcJ  Irora  poroxido  of  p 
foIIowH:  Till- Kuhitiun  ol' both 
anuuonifi,  and  the  peroxide 
MUf:ciiint4-  iif  amninniii.  Tliu 
succiiiutt-  uf  irüti,  und  tut;  yt^- 
additioD  of  more  ammonia.        ^^ 

Sejiariit'wn  from  (jlwriua  and  A. 
is  st-paraii'd,  both  I'rum  »[liiL-iua  -  - 
IKJtBsli.  The  solution  is  evapo^ 
viiluinr,  niid  thru,  in  ii  aip.'iiile  of  , 
of  phttiiitim,  is  mi\ed  with  a  solk,. 
and  is  ^^arnaed  or  gontJy  boiled.  ^ 
are  precipitated,  Iiitl  if  a  KulBcIa^, 
poüifili  hji.-<  ))tt-u  udtlcd,  the  aldu^ji 
rcdisMoIvcd.  Id  prupurtion  a.i  tbc  , 
(he  undi.s.sülved  remuiitdcr,  which.  . 
of  peroxide  of  iron  ulone,  become«  m. 
its  colour-  'i'lic  Operator  tilters  the  t 
the  jKTo\idc  of  iron,  lie  siipcrsiitura 
with  murialjc  utid,  uud  (hen,  if  it 
prccipttfitCK  it  with  carbonate  of  arnnlc 
f^lucina,  lie  precipitates  it  witli  vauulii 
both  these  earths  be  pr<?!U-iil,tliey  must 
maimer  which  has  breu  dfsrribed  at 
oxide  of  tnm  must,  in  the  case  ofao  u 
rodtsMulved  in  muriatic  acid,  and  pre 
iimmouia.  —This  mrtliod  of  separating 
from  glucina  aud  alumina  has  a  very 
ilant ;  it  is,  that  an  operator  mIiu  is  n 
can  never  tell  when  the  proper  qitanti 
is  added  to  the  .solution.  The  dark 
undissolved  peroxide  of  Iron  is  a  gi 
deceptive.  It  is  only  when  the  sol 
alumina  in  cuustic  iwnash  luis  Iwcn  til 
pitated  peroxide  of  inm,  that  the  opi 
whether  the  quaiility  of  potash  ncc 
complete  srpunilion  of  tlie  sulistanc 
The  proof  consists  in  adding  to  tlw  1 
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scpamtrd   from  Ihr;   fixed  alcidirs   by    caustic 

Thr  sdlalino   til(vr<-il  from   tlic  precipitati-'d    penNDdei(| 

iron  contains  the  alcalics.     By  cvaporatinj;  tbo 

and  i^itiDt;  Ihe  dry  tniiAs,  th«  alctilieM    are  obtsiMdf  I 

combination  ^vith   tlie  a<-iit  \iliirh  wn.s   contained  m^\ 

solution  uf  pcnixiile  ut'iroii  luiil  aJr<üics. 

Sepia-alion  firom  teveral  of  the  preceding  SnbMfanct*. — Wll  I 
|wro\tde  of  iron  is  to  be  separated  frtvin  sorirral  of  A 
8Ub.4taiiceH  whieli  buvc  been  spoken  of  above,  lb«  coia 
of  the  analysis  may  be  inferred  from  what  ha-s  beea  ait 
on  the  separation  itf  each  partiratar  subsUince.    W 
for  cxiiniplr,  pirroxidr  «f  imii  i«  to  be    separated  m 
pmtoxide  of  uiaiiirancse,  alumina,  luaf^ncHiti.  lime,  at>i' 
fixed  alcali,  tli«  spparatinj»  processes  may  be  n- 
Tbe  upenitor  hA^h  to  tb«  »^olutiou  a  sutlit-iciit  ':< 
muriate  of  ammonia,  which,  however,    is  not   : 
when  the  Holntlon  is  very  arid.     He  then  stipi 
the  solution  with  cao^tic  ammonia,    'llio  preripi 
apfH'ars,  is  quickly  filtered,  and,  durin)j>   the  tiltratioa.>| 
protected  a&  much  ait  possible  from  the  itttnotiphcre.    Ikl 
lime  is  pntcipitated  from  the  tillered  liquur  bv  uxalalt'l 
BSUnonia.     The  precipitate  resulting  from  the  a|)ptk 
of  caastic  ammonia,  contains  peroxide  of  irou  and  ill 
niina,  as  well  a^  »small  quantities  of  magnesia  and  fVl 
oxide  of  manünnese.     It  itt  redissolvcd   in  mariatic : 
cure  beinß  taken  to  avoid  an  excejts  of  acid  ;   the 
i)t  then  iHuIrd  willi  causlir  potnsh.     The  alumina  ii^l 
solved  by  th<r  potii-sb,  aiul  i»  iLlterwardü  precipituied  I 
the  filtered  soIutioD,  in  the  miuinrr  de3crit>cd  at  ptfgritl 
The  caustic  potash,  which  dissolves  the  aloiuiua,  pit 
pilules  the  pentxide  of  iniii  with  the  small   quanoti 
matniesia  and  jirotoxide  of  majigancsc.     Thiä  pi 
is  dissolved  in  muriatic  acid,  the  solution  is  diluioji 
water  and  saturate«!  nitb  luuinonia.     The  prroxideifi 
is  then  precipitated  by  succinate  »f  ammonia.     The4 
lion  filtered  from  the  succinate  of  iron  is  mixed  nittH 
solution  filten-d  from  the  oxalate  of  lime;  und  braMl 
of  biliydroKiilphurct  uf  ammonia  thu  ]>rotoxide  of  M 
l^anesc  i»  precipitated  hs  ttutphuret  of  mnnganeae.   t 
tfolntion  filtered  from  this  prccipitAte,  is  acidulated  tiy« 
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(tic  arid,  and  wamieil.  to  destroy  Uie  excess  of  bihydro- 
Jpburct  of  imimouiu.  Ii  in  lilli>ri'd,  »nd  t'vuparatfd  lo 
ytirss,  and  the  dry  max»  is  i^ited.  It  is  tlipn  treated 
1th  »tilphiirii-  «rid,  and  in  acain  eviiporalcd  to  dryness.  It 
now  imn;  mure  igtiiti-d,  and  is  irealtK),  duritip;  the  ie;Tiition, 
ith  dry  carbonate  of  ammonia,  to  convert  ihr  alcalino 
Halpliatcs  into  neutral  eiulpbates.  When  the  itrnition  is 
idüd,  the  sniliie  tuOAa  i-s  WL>i|;hed.  ft  contains  tiir  mn^nc- 
iUi  imlphale  and  the  alcalinc  sulphate.  The  magnesia 
id  the  alrali  are  M^aratotl  by  th«  process  described  at 
1^  2&, — The  course  uf  this  analysis  is  sometvhiit  modi- 
^  when  the  quantity  of  protoxide  of  niangonrs«^  is  very 
»Qsiderablc.  In  that  case,  the  frrcuter  portion  of  the 
rotoxido  of  manganese  is  precipitated  hy  tiihydrnHiil- 
tiuret  of  aniraonia,  before  the  lime  is  precipitated  hy  the 
lalatc  of  Hinmoiiia.  The  renKon  for  this  precaution  is 
ven  at  pa^c  48. 

Separatiott  of  Peroxitle  af  Iron  from  Protoxide  of  fro». — 
lui  sep&ration  of  peroxide  of  iron  front  proto?iide  of  iron 
I  eKC«edinj[ly  ditticntt.  When  other  »nlwtanws  aro  in 
itnbinatinn  with  Ihe-'W  oxides,  the  diDiriiltie<t  are  mnrh 
Lcreased.  And  when  tlie  rompannd  U  imapahle  of  solu- 
on  to  acids,  the  separate  determination  of  the  oxides 
innot  possibly  be  effected. 

Let  it  be  soppotied  tbat  compounds  «re  to  be  examined, 
hich  consist  merely  of  peroxide  and  pnitoxidr  of  iron, 
nd  whirh  arc  solnble  in  acids.  Omipnunds  of  this  de- 
:ripttf)B  arc  the  native  miij^ctic  imn  on*,  «nd  the  f«»rt 
Toxide  of  iron  which  is  prtKhieed  nhen  iron  is  heated  to 
sdne-is  in  the  »pen  air  (KiRen-IliimmersrblHp).  A  jjiTcn 
naiitity  of  the  rompouiul  i.<i  di!M4)lvrd  in  muriatic  arid, 
Itric  acid  is  added  to  the  solation,  and  the  wbolo  is 
pated,  to  convert  the  protoxide  of  iron  into  pemxtdo. 
lie  ftolntion  i.s  then  dilnted  with  water,  and  the  peroxide 
r  iron  is  precipitated  by  ammonia.  The  precipitate  is 
^ajihi>d,  dried,  ijniiteil,  and  weij^hrd.  Prom  the  weicht  of 
te  peroxide,  it  is  eaiiy  to  learo  witli  h»u  mach  oxyi^en 
kasubstancc  must  have  combined,  that  the  protoxide  of 
Gb  which -it  cuotained,  might  be  converted  into  peroxide. 


— jLiB^jdfmnMijmw  uuuiimnuui  jt^uiMi mi, 
is  si>{tanitr(],  liutli  IVntn  i(liirina  luid  alumina, 
potash.  The  sotuliuti  ia  t>va|)ora(cd  to  a  ratbci 
Viiliimc,  and  then,  in  a  capsule  uf  porcelain,  or  RtiU 
of  plntinum,  is  mixed  with  n  solution  of  L-aasÜc 
and  is  warmed  or  pentJy  boiled.  At  first,  all  the 
are  precipitated,  hut  if  a  sullicicnt  qnautity  of 
poLa.>ih  has  been  added,  the  aliimia»  and  glncl 
redi.-HMitvL'd.  In  priiporttim  ns  thr  Iwi»  r-iirtlL<>  d 
(he  undissolved  rüuuindt-r,  which,  in  Uii^  rjid,  i 
of  peroxide  of  iron  aJone,  becomes  more  darkly  bi 
its  colour.  The  operalor  iiltcrs  the  Koliitiou,  und 
the  peroxide  of  iron.  He  Kii|>cr!i>ti  I  urates  the  Ultcrt*! 
with  niuriutic  ucid,  und  then,  if  it  contain  alan 
pTtTipitHles  it  with  rariH)nate  of  uniulonin  ;  or,  if  it 
(•kicina,  he  precipitates  it  with  eau.tt»:  amniouia. 
both  theiw  earths  be  present,  they  tniiHt  lie  separnin 
maiiner  which  has  been  descriln-d  at  pa};f>  37.  T 
o^idc  of  inin  ntuNt,  in  the  ruse  of  an  ttccunite  uital 
rufJisHuhed  in  niuriutic  acid,  and  precipitated  by 
uuunuriiu. — Thii«  method  of  separatio);  the  pcroxid« 
Iruiu  nhieiutt  and  nhiiuiiia  has  a  very  disuKTCcalA 
dajil;  it  is,  that  an  operalor  who  i.-:  not  V4'ry  exp« 
can  never  tell  wbeu  tlte  proper  quantity  of  caustic 

:-   ^^A~A    t^   *U^    _~l..*:n~        Tl...   A^^\.-    KHn.__ 1..^., 
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a  few  drops  of  inuriatir  acid.  If  thL^  (inxlucps  a  small 
cloud  of  utumina  or  tcluriiia,  ithicb,  upoit  aptaUiie  the 
«irfutioti,  is  rcdissolvcd,  it  is  a  proof  tli»i  tlio  caustic 
potBsh  lias  horn  added  in  Ruffiricnt  o<cccss. 

■Sr/jnni/ton  frvni  Afugueslii. — Pumxide  «f  iron  \a  sepa- 
mlrtl  from  niapintia,  nrarly  in  tlic  .Hamc  way  tliat  it  is 
lH^pllratcd  from  uiancaiiesc.  llie  upt-mtor  (\u\  ad<bt  mu- 
riaU-  III'  uinnumia  tu  tfau  snlulioii  of  in»!  and  nmtliiesia, 
«ud  ttieu  applies  an  excess  of  canslic  anunonia.  If  tho 
solution  l>c  very  acid,  llic  additiou  of  muriute  of  animoiiia 
is  nnnrrcSMary.  Thü  peroxide  of  inm  thus  prrcipitiit«! 
is  alwiu'H  ncroflipuaird  by  u  liltln  ma^ii-sia,  vvi-n  when 
iJiO  quantity  of  murintc  of  ammonia  in  the  3otution,  is 
Tcry  rnnsidi-niMr.  Ttio  precipilale  is  dissolvi-d  in  muri- 
lllic  arid,  the  jtulutiim  i<i  acctirntely  saliirutt'd  ivitb  uuiimv 
nia.  itnd  tin-  iicroxidi-  of  iron  is  prccipittiled  by  a  neiliral 
alcaliut?  sticriuatr,  in  the  Dianncr,  and  witli  all  the  prc- 
icnotionis,  which  have  Ix'cn  fully  described  at  pascSÄ.  The 
;8olution  fdlercd  from  ibo  KUcciniite  of  iron,  ns  it  contains 

small  quantity  of  maeneKia,  in  to  tw  added  to  the  snUi- 
tion  which  wa-s  lilli-rcd  fn>ni  the  {H-roxide  of  inm  pnri- 
pilati'd  by  ammonia,  and  wlticb  t'on:<t'«jucntly  contains  ibo 
main  qiiaotity  of  raaLmosia.  The  Diagncsia  is  tbon  precl- 
pilatcd  from  ihti  mixed  s<dutioii. 

SrjMiratinti  (rvm  L'tmr  ami  Strontiim. — Peroxide  of  iron 

separated  from  lime  and  strontian  by  caustic  auuuonia, 
fvrhich  prLt'ipitates  tbc  u\ide  but  not  the  earths.  The 
poliition  is  filtered  from  the  jH-roxidr  of  iron,  and  the 
s  ure  precipitated  fmm  the  tiltcrcd  solution.  Tho 
Openilor  ha.-«  hereby  to  ol).ser^■^■  the  precaution  of  very 
quickly  filti-ring  and  wasbini:  tlie  |H-ru\ide  nf  imn;  be  has 
ISO  to  take  care  (o  protect  the  precipitate,  during  ihn 

tmtion,  as  much  as  jMnssible  against  the  action  of  the 
air;  tbc  peroxide  of  iron  can  other^visc  be  easily  con- 
tainiuated  by  carlionatc  of  Ume,  or  of  strontian. 

SrjMiniriim  frtoM  Jtinytex. —  Peroxide  of  iron  is  separated 
from  barytcs  by  siilpliuric  acid.  The  snlulirm  is  tiltcrcd 
from  the  .sulphate  of  barytes,  and  the  peronide  of  iron  i» 
precipitated  by  ammonia. 

Sejtartttio«  from   Fiard  Alealia. — Peroxide  of    iron  is' 
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vated  front  yttria,  by  the  process  employed  to  separate  it 
irom  zirconia.  More  ^nerally,  however,  yttria  has  been 
separated  from  peroxide  of  iron,  by  the  process  which 
follows :  The  solutioo  of  both  substances  is  satarated  with 
ammonia,  and  the  peroxide  of  iron  is  precipitated  by 
succinate  of  ammonia.  The  solution  is  filtered  from  the 
succinate  of  iron,  and  the  yttria  is  precipitated  by  the 
addition  of  more  ammonia. 

Separation  from  Gluciaa  and  Alumina. — Peroxide  of  iron 
is  separated,  both  from  glucina  and  alimiina,  by  caustic 
potash.  The  solution  is  evaporated  to  a  rather  small 
volume,  and  then,  in  a  capsule  of  porcelain,  or  stitl  better, 
of  platinum,  is  mixed  with  a  solution  of  caustic  potash, 
and  is  warmed  or  gently  boiled.  At  first,  all  the  oxides 
aro  precipitated,  but  if  a  sufficient  quantity  of  caustic 
potash  has  been  added,  the  alumina  and  glucina  are 
redissolved.  In  proportion  as  the  two  earths  dissolve, 
the  undissolved  remainder,  which,  in  the  end,  coiisists 
of  peroxide  of  iron  alone,  becomes  more  darkly  brown  in 
its  colour.  The  operator  filters  the  solution,  and  washes 
the  peroxide  of  iron.  He  supersaturates  the  filtered  liquor 
with  muriatic  acid,  and  then,  if  it  contain  alumina,  ha 
precipitates  it  with  carbonate  of  anmionia ;  or,  if  it  contain 
glucina,  he  precipitates  it  with  caustic  ammonia.  Should 
both  these  earths  be  present,  they  must  be  separated  in  the 
manner  which  has  been  described  at  page  37.  The  per- 
oxide of  iron  must,  in  the  case  of  an  accurate  analysis,  be 
rodissolved  in  muriatic  acid,  and  precipitated  by  caustic 
ammonia. — This  method  of  separating  the  peroxide  of  iron 
from  glucina  and  alumina  has  a  very  disagreeable  atten- 
dant ;  it  is,  that  an  operator  who  is  not  very  experienced, 
can  never  tell  when  the  proper  quantity  of  caustic  potash 
is  added  to  the  solution.  The  dark,  brown  colour  of  the 
undissolved  peroxide  of  iron  is  a  guide  which  often  is 
deceptive.  It  is  only  when  the  solution  of  ^ucina  or 
alumina  in  caustic  potash  has  been  filtered  from  the  preci- 
pitated peroxide  of  iron,  that  the  operator  can  ascertain 
whether  the  quantity  of  potash  necessary  to  efiect  the 
complete  separation  of  the  substances  has  been  added. 
The  proof  consists  in  adding  to  the  filtered  ulcaline  solution 


ARPARATION  PROM  AI.CALIBS. 


fll 


frw  dropx  of  miirialir  itrid.     If  thiK  prwliiccs  n  sniAll 

clouc)  ol'  uliiniina  or  ^lurina,  nhicli,  upon   nfritalint;  the 

Volutidti,  i.«  N'tlisHiilved,   it  is  a  proof  tluil  tlie  cauBÜc 

■niatih  liUK  hern  iiilded  in  )(iifti(-if>iit  ficcsh. 

^^Brpiirurioii  frum   Magnts'ui. — i*L>nixi<l(^  uf  iron  iü  sppa- 

ralcd  from  tnngnesia,  neurly  in  the  same  -wny  that  it  Is 

poparalcd  from  oianpincse.    llie  opcratur  first  adds  mu- 

riat<?  iif  iinimoriia  tu  tlie  snliilioii  nf  iruii  niid  ma^iesi», 

am)  ttit'ii  iippties  an  excetM  of  caustic  aminonin.     It*  thn 

Solution  )k>  very  arid,  tlio  udditiou  uf  tuuriutv  «if  unimunin 

is  untiefes.-4ary.     Tbe  peroxide  of  iron  tlioa  prfcipitalcd 

b  «Iwitys  accompanied  by  a  little  magnesia,  even  when 

le  quautity  of  muriate  of  ammonia  in  the  solution,  ia 

ronsiderable.    Ttie  precipitate  is  dissolved  in  mtiri- 

tic  acid,  the  solution  i.s  urrtinttely  Miltirntrd  with  aniiuo- 

lia,  and  Ihr  |K'FUxide  of  inm  is  prt-ij  pita  ted  l>y  a  UKiilrul 

Icalino  succinate,  in  the  rannncr,  and  with  all  the  pre- 

jeauiions,  whieh  hav«  lM_*eii  fully  deseribed  at  pam;  iVi,   Th« 

Colulion  liUered  from  the  »uccinate  of  iron,  as  it  contains 
small  quHDtity  of  ma|aKr5ia.  is  tu  be  added  to  the  solii- 
'linn  «hich  was  fdlm-d  fniui  (he  iieni\itle  of  iron  pn-ei- 
[pitnlod  by  ammonia,  and  nhich  eunitcqnvnlly  contnins  the 
[inaia  quantity  of  mairnesia.  Tbo  magnesia  i^i  theu  preci- 
ipitaled  from  th»  mixed  Hohition. 

I  Sr^inration  from  /.im*-  tiud  StrontwH. — Peroxide  of  Iron 
IH  M-panilcil  fnmi  lime  and  stroniiau  by  eaaKlic  ammnnin, 
Ivhieh  pmipitativs  the  oxide  but  not  the  eartli.s.  The 
poitilion  is  fdtered  from  the  |HToxide  of  iron,  and  the 
|»rths  are  procipitnied  from  the  tillered  solution.  The 
oprniiiir  ha»  hereby  to  observe  the  precaution  of  very 
iquirkly  liltering  and  washing  the  jieroxide  of  inm;  be  has 
jklso  to  tuko  care  Co  protect  Uiu  precipitsle,  during  the 
filtration,  as  much  as  p<»s8il>le  against  the  action  of  the 
|lir;  the  pi>nixtde  of  iron  can  othorwiüe  lie  easily  con- 
jhuuinated  by  carUimato  of  lime,  or  of  strontian. 
I     Srfurmtion  frum  ßiiri/ln. — Peroxide  of  iron  is  sepanilrd 

m  barytes  by  sulpharic  acid.     The  solutioD  is  tittered 
the  sulphate  uf  barytes,  and  the  peroside  of  iron  jü 
ipitnled  by  aninnmia. 

tsrparatioii  from  fixnf  Alralies. — Peroxide  of   iron  is 


m 


IBON. 


separated  from  the  ßxed  alcalirs  by  cauHtic 
Tbo  solulioa  tiltercd  frora  tfae  precipilatt-d  p(rrusiA^rf| 
iron  contains  the  alcolicä.  ßy  cTapurutin^  ibe  anlattl 
and  JKnitinpr  the  dry  muss,  ilic  alcnlies  arc  obtüoelll 
combination  Willi  the  acid  which  was  contaiued  il  #1 
solation  of  peroxide  o(  iron  and  alcaJies. 

Separation  from  several  of  the  ■prectdiRt^Subxtancfs. — Vli| 
I>pmxidt-  of  iron  'i&  to  he  »eparitteil  Irom  eevenU  of  li| 
substanc^H  wbicb  have  been  spoki-n  ol'  above,  the 
of  the  analysis  may  be  infcrriMl  from  \t-hnt  lias  ben  wA 
on  Oie  Keparation  of  each  particular  Mub;4tanc«.  Vta| 
for  example,  pcnixide  of  iron  JH  to  b«  separated 
protoxide  of  nian^uniuir,  altioiiua,  iniicnestia,  lime,! 
fixed  alcali,  the  separating  processes  may  Xm  as  fillliV| 
The  upefiitiir  adils  tii  the  sohitiim  a  i^utticiput  qi 
muriate  of  amnionia,  which,  however,  is  not 
when  the  solution  is  very  acid.  He  tbcn  supersati 
the  sohition  with  caustic  ammonia.  The  prccipiluie ' 
Appears,  is  quickly  Tillered,  and,  durinj;  the  filtratio>,l| 
protected  aK  much  h&  pn^silile  from  the  atniosphcrc  1i| 
lime  is  precipitated  from  tho  (ihen^d  liquur  t»y  oxa 
nmoioDia.  Tho  precipitate  rc»ul  ling  from  tlic  appt 
of  caustic  ammouin,  cootiuDs  pcruxidn  of  iron  ant  i 
mina,  as  well  as  small  quantities  of  muKnesia  and 
oxide  of  manpaiiejt«.  It  is  redissolvvd  in  luuriatici 
can;  beiiiR  taken  to  avoid  an  excess  of  arid  :  tbe  s« 
is  then  boiled  with  caustic  potash.  The.  alumina  Ui 
solved  hy  Üu^  pota.sh,  and  is  afti-raards  |irtH-ipitaiedbi| 
the  filtered  solution,  in  the  manner  described  at  pafii 
The  caustic  potash,  which  dissolves  the  alumina. 
pitates  the  peroxide  of  ima  with  tbe  suiall  quantit 
ina^niesia  and  protoxide  of  mnni^anese.  This  pred| 
is  dixsolvf^I  in  muriatic  acid,  tlic  sulution  ik  diluted^ 
water  and  saturated  with  aiumonin.  Tlir  peroxide  i^V 
\s  then  precipitated  by  succinate  of  ammuniu.  lliei^l 
tiou  fütered  from  the  succinate  of  iron  is  mixed  wilki 
solution  filtered  from  the  oxalate  of  liDM>;  und  bVI 
of  bihydro-sulphurct  of  ammonia  the  protoxide  of^ 
f^ancse  is  precipitated  as  sulphurct  of  tnanj^nese.  T 
Isolation  filtered  ft-om  this  precipitate,  is  acidulated  b;* 
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riatic  ncid,  and  wanned,  to  destroy  Uie  exceita  of  bibydro- 
Huliihurt't  of  anunoDia.  It  is  filtered,  and  o\apomted  to 
dryneiis,  and  the  dry  mfws  is  ignited.  It  is  then  tn;at*^d 
with  sulpliiiric  acid,  and  is  apain  evaporated  to  dr)'De5S.  It 
it  BOW  once  more  i^iled,  and  is  treated,  daring  the  ignition, 
with  dry  carbonate  of  ammonia,  to  convert  the  alcolino 
bisnlphatcs  into  neutral  sulphates.  Wbeotbe  ignition  ig 
ended,  the  saline  mass  is  weighed.  It  contains  the  magnfv 
sian  sulphate  and  the  alcaline  sniphate.  The  magnesia 
and  the  alcati  are  separated  by  the  process  described  at 
pafre  20. — The  coarse  of  this  analysis  is  somewhat  modi- 
fied whfii  the  (|uuntity  «f  prutoxid«  of  maiieaai-'M^  is  very 
considerable.  In  that  case,  the  greater  portion  of  the 
protoxide  of  manfpinese  is  precipitated  by  bihydr<u>ul- 
phnrct  of  ammonia,  before  the  lime  is  precipitated  by  the 
oxalate  of  ammonia.  The  reason  for  this  precaution  is 
given  at  page  4H. 

Separation  of  Peroriilr  of  Irnn  from  Protoiiftr  of  fron. — 
The  sejvaration  of  peroxide  of  iron  from  protoxide  of  iron 
is  eiLCeeding;ly  diflii-iilt.  When  other  Kiibstaoces  are  in 
combination  with  tlirNe  oxides,  the  difhrulties  are  much 
increased.  And  when  the  eomponnd  is  incapable  of  solu- 
tion in  iirid.s,  the  scpwrate  delenuinatlon  of  the  oxides 
cannot  possibly  be  effected, 

l#t  it  be  suppiwied  that  compounds  are  to  be  examined, 
which  coiiüiüt  merely  of  peroxiile  and  protoxide  of  inin, 
and  which  are  ttoluble  in  acids.  Compounds  of  IhU  do* 
tWTiption  are  the  native  magnetic  iron  ore.  und  the  sort 
of  oxide  of  iron  which  is  prwlcced  when  iron  is  heated  lo 
redness  in  the  open  air  (Kiscn-llammcrschlag).  A  given 
quantity  of  the  compound  is  dissolved  in  muriatic  ncid, 
nitric  acid  ik  added  to  the  snluiinn,  and  ihe  whole  is 
heated,  tn  CTiniert  the  prou»xide  of  iron  into  pi'-roxide. 
The  Kolulion  is  then  diluted  with  water,  and  the  peroxide 
of  iron  i.-*  precipitated  by  ammonia.  The  precipitate  is 
waiibed,  drii-d,  i;niii<'»l,  and  weigbi-d.  From  the  weifjht  of 
the  peroxide,  it  is  easy  to  learn  with  how  much  oxygen 
the  Rub.Ht«nce  must  hnw  cnmhined,  lliat  the  protoxide  «f 
inm  whicli-it  contained,  mi^U  be  coovcrlcd  int<i  pi-ros^idu. 
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All  the  increase  of  weight  which  the  mixture  of  oxides 
baB  experienced  on  being  conTerted  into  peroxide,  is 
owing  to  the  acquisition  of  oxygen.  The  oxygen  has 
combined  with  the  protoxide  o€  the  compound,  and  is 
half  so  much  in  quantity  as  the  oxygen  previon^y  exist- 
ing in  the  protoxide ;  for  the  protoxide  of  iron,  on  being 
fully  converted  into  peroxide,  acquires  one  half  more 
oxygen  than  it  already  possessed.  Thus,  then,  finding 
first,  the  qnantity  of  oxygen  gained  by  the  substance 
operated  upon,  we  find  next  the  quantity  of  oxygen  lie- 
longing  to  the  protoxide  existing  in  the  compound ;  and 
herefrom,  it  is  easy  to  calculate  the  quantity  of  the  prot- 
oxide. When  this  is  found,  the  quantity  of  the  peroxide 
contained  in  the  substance  is  learned  from  the  difference 
in  weight,  between  the  quantity  of  the  compound  sbIh 
mitted  to  analysis,  and  the  quantity  of  protoxide  made 
out  by  calculation. 

It  is  easy  to  perceive  that,  in  this  analysis,  the  utmost 
degl^e  of  accuracy  must  be  observed.  In  the  compounds 
of  peroxide  of  iron  \^ith  protoxide  of  iron,  the  quantity  of 
the  former  is  generally  very  large  in  comparison  with  that 
of  the  latter ;  the  increase  of  weight  gained  by  the  sub- 
stance, when  its  protoxide  is  converted  into  peroxide,  is 
therefore  very  small ;  and  when  even  a  very  small  error  is 
committed  in  the  determination  of  this  increase  of  wet^t, 
this  error  becomes  very  considerable  in  the  subsequent 
calculation  of  the  quantity  of  protoxide. 

When  the  substance  submitted  to  analysis  contains 
small  quantities  of  constituents  which  are  insoluble  in 
muriatic  acid,  the  solution  is  filtered  from  the  insoluble 
remainder,  and  the  weight  of  the  latter  is  determined  and 
deducted  from  that  of  tlie  substance  submitted  to  analysis. 
These  insoluble  constituents  are  almost  always  deposited, 
as  well  by  the  magnetic  iron  ore  as  by  the  different  sorts 
of  oxide  produced  by  heating  iron  to  redness  in  the  open 
air. 

Reduction  of  the  Oxides  of  Iron  by  Hydrogen  Gas. — TTie 
quantity  of  oxygen  contained  in  a  compound,  consisting 
merely  of  protoxide  and  peroxide  of  iron,  can  be  deter- 
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'milled  Iiy  fullowin^  a  method  difiermg:  altugetlicr  Iroiu  ihe 
above.  Thi-s  mettiod  coiutbts  in  converting  tlie  oxides  tntu 
metallic  iniii.  'I'tir  mltiction  i.s  rtTrcIi'd  by  jiiiKsiiig  a 
iitivam  oCdrj'  bydroKcn  (r.is  <i\er  the  oxides,  wliilr  exposed 
1o  Iu>au  By  the  combitiittitm  »f  tho  hydnif^u  put  nith 
Ih»  uxyin'n  <if  the  ii\iit<v'i  iif  inm,  a  i^ertiiiii  qimnlity  nl' 
"Huter  U  pnidured,  of  whitrh  car«  i»  taken  tu  di'it-nuine 
the  weight.  I'lic  perlbrmaiice  of  the  experiment  i»  as 
foUowtt:  Tho  i>|HTaU»r  produces  the  hydrü);:en  fjoa  in  a 
flask  a,  which  is  closed  hy  a  cork,  in  which  two  boles  are 
bored.  Through  one  of  these  holett  passes  a  lUDiiel  b, 
with  a  loni;  Deck ;  tlirough  the  other  hole  passes  a  tube, 
^«hich  is  bent  at  a  right  irngle,  and  intended  to  lead  away 
the  giis.  In  this  liiht;  two  bulbs  re  arc  blown.  In  tiio 
lliusk  a  tliv  opcralor  puts  some  [n^nuluted  zinc,  and  an 
much  water  as  occiipie.'*  onc-lhird  part  of  its  capacity. 
'Hie  ^liiHs  tube  of  the  Tunnel  b  iniLsl  paKS  below  tlic  Hurlac« 
of  tho  water.  Sulphuric  acid  is  gradually  poured  through 
the  lunncl  into  the  Cask,  so  as  to  discn^ge  a  very  slow 
current  of  hydrogen  gas,  which  pas-ses  away  by  the  con- 
ductiDt;  tul)c.  A  considerable  portion  of  the  vapour  of 
water,  which  flies  off  with  the  hydrosen  gas,  is  deposited 
in  the  two  biiDu;  rr.  The  reniaindiT  of  the  vapour  of 
water  is  completely  »eparaletl  fmm  the  hydrogen  f^as,  by 
forcing  the  latter  to  pass  tbrouch  the  E^lass  tube  <i,  which 
is  filled  with  «Iry  <'b)i>ridc  of  calcium,  and  connected  by  a 
tube  of  Indian  nihbt-r  »ilh  thu  tube  which  Ic^ids  the  gaa 
from  the  flask.  The  other  end  of  tlic  tube  contnininvr  tlie 
chloride  of  calcium,  in  cunnccti'd,  iikcuise  by  :i  lube  of 
Indian  rubl*cr,  with  a  <;lass  tube,  having  a  bulb  v  blowD 
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in  the  middle  of  it.    It  is  noccssary  thnt  the  bultich* 
pretty  stronn  rIus«,  that  it  miiy  not  be  injured  or  I 
by  the  action  uf  the  huut  upplinl  to  aKsist  the 
power  of  the  ^m.    Instead,  thfrefore,  of  blowing  il 
in  the  middle-  of  a  g:Iass  tiibi^  for  this  parpoMy  it  if  I 
to  take  u  litlic  slan»  bulb,  fomtc-d  <if  »trong  gUuu.  adt 
solder  two  small  giusa  conduclin];  tuboa  to  its  ndcb 
small  Rlit'ts  tiilii',  tm  tJtat  side  of  the  bulb  whicb  tsl 
I'fxim  t))K  tiibt;  boldin<;;  the  cliluride  ut'  ralcium, 
drawn  out  to  a  fine  point.    The  bulb  e  and  it«  twnl 
beiii<;  rompleted,  it  is  first  weighed  alone  with 
Ho  much  of  tJie  substance  to  l>c  onalyaed  ih  then  petl 
it  as  may  be  judf?ed  to  be  cooTcnient;    particokrt 
beinff  taken  to  lüdf^e  the  whole  portion  in  the  bnBii^l 
to  cleanse  ttir  ^Inss  tube  nt  curb  side  with  tlie  pluowtf^ 
amall  feather.    The  bulb  is  then  wei^hu<I  again,  rail 
ioercaäc  of  neitcht  indicates  the  quantity  of  Üie  sol 
üubmitted  to  umUysiü.     It  is  proper,  in  most 
e]ni>]oy  ttie  subotaiiei-  in  the  »tittc  of  powder,  pudf^ 
cause  it  is  then  more  easily  decomposed  by  tlie  kj 
^ns,  but  especially  because  it  is  Üicii  in  the 
most  adapted  to  avoid  the  loss  which  ensues 
sul)8tance,  on  the  first  applicaliou  of  buat,  de« 
a  phenomenon  which  very  ^nerully  occurs  with 
With  the  bulb  c,  a.  second   bulb  y,  is,    by   meoiu  di 
Indiun  ndiber  tube,  so  connected,  that  the  point  di 
tube  of  the  bulb  e  passes  into  the  bulb  y.     The  otheri 
tube  iii  the  bulb  g  is  ixinoeeted  with   the  small 
wliich  is  lUJed  witli  chloride  of  calcium,  by  mcaud^ 
cork,  which  tits  uir-ti){ht  into  the  end  of  tlie  tobe  k 
bulb  (/,  the  ^luHS  tube  /(,  und  the  Indian  riibl>er  ttlb^^ 
connects  y  to  f,  arc  all  to  be  weighed  together,  behlfi 
arc  joined  to  the  rest  of  the  Apparatus. — When  fkri 
puratus  is  complete,  and  tilled  with  hydrogen  fM^l 
bulb  e  is  very  p-adiially  heated;  but  afterwords  As  I 
is  .slowly  raised  until  the  bulb  becomes  rcd-bot.    IWi 
is  applied  by  a  spirit  lamp  with  circular  wick.    Bfl 
operation,  ihe  u\idc.s  of  iron  are  complt;t«ly  redonll 
metallic  iron.    The  water  which  is  produced,  drop«  I 
the  pointed  tube  of  the  bttib  «  into  the  bulb  9,  wbol 
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greater  portion  remains  in  tlic  liquid  state.  A  smallnr 
portion,  nliicb  passes  on  in  the  state  of  vapour,  is  absorbed 
by  the  chloride  of  calcium  in  the  tnbc  A.  NothinErrsraprs, 
thurut'un^  by  the  tube  i,  )>ut  the  superfluoiiH  dry  hytlrog^en 
gas.  When  ^n-ater  ceascä  to  be  prodnced,  which  i^  the 
raw  when  no  new  ilriips  appear  to  runn  at  tJie  point  of 
the  cube  in  the  bulb  </,  iJie  decomposition  is  completed. 
llie  heat  is  then  gradually  diminished,  and  the  whole  is 
allowed  to  cool.  Darin;;  thr  rooliii^,  a  kIow  hut  (y>ntinucd 
curn-ot  ol'  bydroecii  fi^os  mu.st  pass  tbrou>,'h  the  apparulus. 
When  the  whole  is  perfectly  cold,  it  is  necessary  to  deter- 
mine the  wei|;ht  uf  the  iron  which  is  formed  in  the  bulb  e, 
and  tlie  weiphl  of  the  water  >vhich  is  produced  liy  tlie 
operation.  The  j^reater  part  of  the  ^ater  is  found  in  the 
bulb  f) ;  a  smaller  portion  will  have  been  alisorbed  by  the 
chloride  of  rnlciuni  in  the  tube  h.  That  these  wcif^n^^ 
may  bo  properly  execatcd.  the  bnlbs  <•  and  ^  must  be 
separated.  The  last  drop  of  water  that  has  beea  formed 
remains,  honever,  in  the  end  of  the  pointed  tube  of  th» 
bolb  e.  This  water  mnst  not  be-  weighed  with  r.  but 
with  ff.  For  this  retiAou,  the  pointed  tnt»c  i.s  cut  ofl"  from 
the  bulb  t  by  means  of  a  sharp  iile,  and  is  allowed  lo 
remain  with  the  bulb  g.  Tlie  tulw  Ä,  the  bulb  tj,  the 
Indian  mtiber  tube,  and  the  |>oiiit  uf  the  tube  rut  fnim 
the  bulb  c,  can  then  be  weiehcd  together.  The  operator 
drieB  the  piece  of  tutx*  and  weighs  it  alone.  He  wei|^ 
&rÜKr  the  bulb  e  without  ibe  piece  uf  tulw,  and  ailer- 
vriurds  adds  to  this  the  weight  of  the  latter.    From  these 

ditTerenl  weichin^s,  it  is  easy  to  team  bun  murb  the 
xubstaitri'  which  hiis  lui-n  reduced  hy  hydrogen  ^ns,  bus 
lust  in  weight.  This  loss  of  weißht  consists  of  oxyi;en. 
The  weight  of  (he  bnlb*/  and  Ihc  tulK-  k  at  the  end  of  the 
experimcot,  after  aliouiuiK  for  the  oriuriuaJ  weiijlit  of  tJic 
apparatus  and  for  the  weiglit  of  the  dry  piece  of  pointed 
liibe.  giveji  tlu*  quantity  of  water  produced.  The  quantity 
of  oxygen  cüscntial  to  the  constitution  of  this  quauliiy  of 
water,  is  then  calculated.  Tlie  oxygen  indicated  hy  tlte 
h>«  uf  weight  sutfercd  hy  the  substance  reduced,  and  the 
oxygen  indicated  by  the  qunntity  of  water  produced,  are 
quantities  which  should  be  in  exact  accordance.     Any 
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difference  wfaidi  may  be  found,  indicates  iuaccuracy  iti 
the  iMTformanre  of  the  operation. 

.  Jt  wuuld  Ik:  rusy,  ia  tlii»  rx|H-riim-nt,  to  (lotcnninn 
merely  the  weii;bt  ol'  the  ttiduci-d  inui  in  \hv.  hulb  e,  and 
bi  verily,  tJie  whole  apiiamtii»  would  bo  much  simpler,  if 
the  «iwralor  <:lii»ie  to  diKiM-nxe  with  ihi-  weiijhinj;  nl"  the 
water.     But  as  the  result  ol~  this  experiment  ought  to  li«? 

'  exceediniHy  exact,  if  it  is  intended  to  draw  conclusioos 
trum  it  rruprcUn:;  tbc  rululivr  (jimtilitirK  of  pnitoxidr  and 
peroxide  of  iron  contained  in  the  »iibstancc  sobinittod  to 
anaJysiN,  it  is  improper  to  ii«i;lect  any  nieniui  of  ronfinnftiff 
the  rcHith.  Now  the  dett-nuinatiou  of  thi>  (|tiiintity  of 
water  ronitcd.  allorda  a  ver)  ^ood  conlirmitiioii  of  tlit* 
quantity  of  oxygen  loitt  by  tlie  8ub)tlancc  when  treated 
with  hydroc:cu  pas.  It  xvould  be  possible,  frith  n  view  10 
another  simphticntion  of  (h(>  »ppnnitHS,  to  omit  the  bulb 
fff  and  to  allow  the  whole  of  the  water  produced  to  be 
BbemriM^  by  the  chloride  of  calcium  in  the  tube  A.  There- 
by, however,  the  detenuination  of  tlie  quantity  uf  walrr 
Vrould  conit^  to  be  Tcrj'  inaccurate ;  tiio  detemii nation 
indeed  could  only  be  effected  at  oil,  when  lite  qiiunlity  of 
water  was  very  ttmnll.  If  the  quantity  of  water  was 
considerable,  it  wotdd  dis»4oIve  a  portion  of  the  chloride 
of  calcium ;  the  solution  so  produced  wonid  llow  towards 
the  pi>int  i.  and  a  portion  of  water  could  be  lost  by  dissi- 
pation in  vapour.  In  many  caso.4,  it  is  ntso  of  im]H>rtancr 
to  examine  the  nature  of  Ihe  water  uhtch  i.s  produced. 
The  operator  muxt  invariably  olucrrve  whethi>T  or  not  Ihe 
waler  have  imy  cll't-ct  un  litmus  jmper;  it  often  can  ckwage 
the  colour  to  red  or  to  blue,     M'hen  the  water  potUKMCs 

I  .Any  such  property,  it  indicates  that  the  oxides  of  BUD 
«ubmitlcd  to  analysis,  were  not  quite  free  from  Ibrctipi  ad- 
mixture.— Another  precautionary  ineasiirr-  to  be  obscmd 
in  this  experiment,  i.s  to  apply  to  the  bulb  e  Ihe  stmnftesl 

.idegrre  of  hral  which  the  sl'-iss  in  c^puble  of  »tupptirtin^r. 
[fa  gentler  lu-iit  is  employed,  it  is  iiidi^-d  {KisMildi-- thai 
the  peroxide  of  iron  may  still  be  completely  reduced,  bnl 
the  reduced  iron  may  Ihen  have  the  pyroplioric  pro|>«ftv 

'«f  entering  into  combustion  when  it  comes  into  conUct 
with  nlmospheric  air.     The  farfhet  precaution  is  also  tu 
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l>e  taken,  of  penoitlmg  the  currtml  oT  bydixif^n  ^k  to 
puss  through  \ery  slowly,  iu  order,  not  oaly  tbal  (Hp  whole 
of  thr  water  pr<Miiiced  may  be  cüiiiJensvtl  in  the  vessels 
g  Hiid  A,  bur  aUo  that  all  the  vnpour  whkh  the  ku»  con- 
uicw  when  it  iAnaots  (Vom  ihe  flaük  a,  may  be  completely 
abvorlicd  by  (he  chloride  ul'cnlciuni  in  the  tube  d. 

\\  heu  (he  siilMlaiire  cntilaiDK  uthpr  uxiclex,  which  are 
irreducible  by  hydrogen  f»»,  these  uri^  found  ut  the  end 
of  the  cxperimont,  tipon  dLsKolvinET  the  result  in  muriutic 
acid-  There  often  remain  then  small  portions  of  foreiirn 
constituent!«,  vhich  nrc  insoluble  in  ninriatle  aeid.  The 
wel|;ht  of  the  ituwilnbic  mutters  is  determined,  nnd  de- 
ducted from  the  weight  of  tlie  suhstimce  snhmitted  to 
aoalyiiiit. 

What  is  determined,  by  this  experiment,  is  merely  tho 
4|Danttly  of  the  oxygen  eonluintMl  in  a  runipoiiml  ufpfroxide 
und  protoxide  of  iron.  There  ore,  however,  raetltodt«  of 
jtelennininj^,  n  ith  respect  to  surh  compounds,  the  quHnlity 
JJMth  of  p4Tro&ido  iuid  pntloxidc.  These  methods  can 
«nn  l>e  often  tnipliiyc-tl,  nheti  the  two  oxides  of  iron  are 
«ombined  with  other  .substunces.  But  in  all  cases,  it  i« 
accessary  that  the  subntaitce  lu  be  analysed  he  soluble  in 
nmhOic  acid. 

EHfoimattal  Dttermination  of  the  Qaantitif  of  Peroxids 
€tf  lnm%  u)  o  Cemptmnd  nf  Peroxide  and  Protoxide. — ^Tbe 
following  method  is  employed  to  dolerminc  the  qnnntity 
*>f  peroxiile  of  iron ;  An  accurately  weijjiied  portion  of  Ilia 
jtubiitancu  is  placed  in  u  cajMiciuux  ftiutL,  uhich  can  be 
cluNvd  air-tii:hl  by  a  ){la.s5  .stojipli-.  Tlie  suhtitancc  may 
be  employ!^  iu  lumps,  provided  that  the  lumps  can  l)e 
(liiMiolTed  by  muriatic  acid.  If  that  is  not  tho  case,  the 
jinlMSttuice  mutit  Ih-  pulverised  before  it  is  weighed.  The 
Hask  i«  then  filled  with  cartjonic  acid  ipiM,  by  )NU(sini(  the 
gas  ihrou^b  a  plaits  tulw-,  which  gitK»  nearly  to  the  tiultom 
«f  the  flu.<dL,  but  dues  uol  touch  the  nubstanco  contained 
iu  the  Üa^L.  When  il  is  tliotiKht  thai  the  more  ponderous 
carboiii«  acid  ga«  batt  expelled  all  the  almuttpberieal  air 
frimi  thi)  flafik.,  the  glass  tub«  is  removed,  the  quantity  of 
muriatic  acid  nece.*i.sjiry  to  eUect  the  solutiim  of  the  :iub- 
Htance  ii    i mm eil lately  added,  and    the    HaäJt  is  quickly 
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rtosed.'"  For  the  sakr  «i'  greater  certainty,  a  |Morp  of  wet 
pitr's  lilailfler  is  iHHinil  over  the  neck  «f  llic  flusk.     When 
the  Niiluüoii  of  tlie  Kultstanix-  is  completely  ellectrd,  tin- 
Bask  is  opened  and  filled  with  liquid  sulphuretted  hydrir- 
gen.    This  ftolutiou  of  sulphuretted  bydroeen  maitt  havf 
been  recently  and  expressly  prepared  tor  the  occaniuD. 
It  must  be  as  completely  saturated  with  pas  as  possible, 
must  Im!  i>crfectly  clear,  and  completely  free  from  separatrd 
sul]»liur.     The  tl.i.sk  Ixrin^  filled  with  this  solution,  mu«t 
be  immediately  closed  with  the  atopple,  and  a^in  bnotid 
with  pig'8  bladder,  to  prevent  tbo  access  of  air.     Tb« 
mixture  becomes  milky,  but  alter  the  lapse  of  some  daj"S, 
»idphur  is  depo.'iitt'd,  »nd  the  liquor  lKx:nmeÄ  clear.    The 
hydrogen  of  tlie  xulpliurettcd  hydrofiien  n^Iuces  the  per> 
oxiile  of  iron,  contained  in  the  solution,  ia  the  .state  of 
protoxide  of  iron,  sidphiir  l>ciag  pret'initatud.     If  the  »ola- 
tion  be  not  rendered  milky  by  the  addition  of  the  li({<riA 
sulphuretted  hydrogen,  and  if  no  deposition  of  pure  sul- 
phur lake  place,  then  the  .sid)<(taiice  contains  merely  prot- 
oxide and  no  peroxide  of  iron. — If  there  be  ti  depUHitiftit 
of  salphtir,  the  clear  liquid  \n  filtered  an  rapidly  as  pMsi- 
blc  throiijcii  a  small  weighed  filter,  and  the  sulphur  is  then 
brOHpht  upon  it  to  be  ediileornted.     Dunne  the  tiltralion, 
the  acreN.<c  of  atmospheric  air  must  l>e  hindert^d  bk  much 
as  possible,  tliat  the  undccomposed  sulphuretted  hydrogc* 
may  not  bo  mnde  to  dept>sit  »n  additional  ipiaiitity  of 
sulphur.    When  the  washine  is  completed,  the  :tulphuri9 
tiried  on  the  (ilter  by  the  application  of  a  very  gentle  heat, 
and  is  then  weiehed.     After  the  ueig^dn^,  it  is  biintt.  fof 
the  piirp»se  of  llndinir  whether  it  be  pure  or  not.     If  the 
KiibslaiK:e  HuhmJItrd  In  niinlYKis  contained  tinrei^  bodies, 
insoluble  in  muriatic  acid,  thctic  arc  obtaininl  alter  the 
Imrniug  away  of  the  salpluii^     This  remainder  is  weitfheH, 
and  deducted  from  the  vvei)rht  of  the  KUlj^ir; '  From  tho' 
Ipeigbt  of  the  tiulphur,  it  in  easy  to  find  the  qiiontity  of 
'  ttJCJTßfeu  wliirb  hnn  cximbined  and  foniied  water  with  iJic 
hydrofrcn  of  the  decomposed  sulphurctte^d  hy(ln>)^:eni!*Tltf 
oxygen,  in  combination  with  iron,  formed  peroxid«  of  iton,' 
which  has,  by  the  ojK-ration  of  ihif  .4iilphurctled  hydroi^fD» 
been  converted  into  protoxide  of  iron.     If  we  take  tlmw 
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tiiDCitthJa  quantity  of  oxy<;on,  wc  have  Uio.wholcqnantiiy. 
nf  oxyecn  wiiicli,  iu  tbe  orifiimil  »ulislauce,  was  cuaitined] 
M'ttli  iron  into  jK-roxide  of  iroD.      The  qtiantity  of  tkei 
[iccuxidc  itt  Ihvnifnrt*  cusy  <il'  tli»c(ivvT)'. — It  in  iiRMvi^ary. 
to  obactTC  fatin\  that  a  Miilable  quantity  oi'  the  liqiud 
sulphnrpttnd  hydrojen  Tiuist  hi>  cmpidycd.     irpon  openinff 
■lie  Qask,  llie  li<|uiil  i(  (Mintaiiis  muKt  hiiil-II  <ltstiiii;(Jy  »f 
sulpburettvd  hydmtfcii.    If  Ibis  be  not  l\w  aue,  iben  tbo> 
qimntity  of  peroxide  of  iron  in  Ihc  snhifitin,  \vnt<  tito  in'cai 
io  c<impnri»uii  with  tbu  quantity  uf  liquid  Mulpburctlcd 
bydrot^'CD. 

DrternnatttioH  of  the  QvantUff  of  Protoxide  of  front  i«' 
a  Ompouad  of  Ptroxiila  iiml  Protartde. — TIju  mi'lhod  of 
detrnninintr  tbe  quantity  of  tbe  protoxide  of  iron  t-nataincdi 
in  the  substanw  luudyscd,  is  as  follows :— A  weiKiicd  por- 
tion of  tbc  äub^tiiDCti  i»  diäsulvcd  in  niuriuiic  arid,     'llin,' 
is  done  in  tbe  same  manner  as  in  the  preceding  axec.    Tbä< 
flask,  in  whirJi  the  i^olution  i»  mnde,  must  tte  one  wliicb 
can  be  secarely  closed  by  a  kI«'*-''  ^topp'^-'  *)"'>'  it  aee<h 
QUt  lie  so  larec  iut  the  fttusk.  which  i.s  empUiyi-d  when  tbo 
quantity  nf  tbc  jwruxide  is  to  be  determined.     It  must,  as 
above  de»cril>c<l,  be  Idled  with  carbonic  acid  ffa^  Uoforu 
tkß  muriiitic  acid  is  uddet).     When  Iho  soluiiou  of  the 
suluttunce  itt  «tret:ted,  tbe  operator  must  quickly  ]>our  into 
tbe  Uniik  a  solution  of  the  double  chloride  of  golfi  and 
potassium,  or  of  ::old  and  niHliuni,  and  i  liKsr  tlu;  tinsk. 
Uy  the  luiiluid  action  of  these  soliitious,  mctoUic  trohl  i» 
pre«ipitutc4l,  and  a  oorrospuuilini;  jwoportion  uf  protoxido 
iiliriju  is  i-unvertoil  into  }R'ruxide.     If  no  gold  is  nxluced, 
tbe  !4ubstanct'  cotiiairiü  no  protoxide  of  iron-     A  tttiU  easier 
ine4Jw>d  of  cuaviucin^  oitesclf  whether  pmluxiilo  of  icon 
biMViBsait  or  not,  is  to  add  to  onotlicr  solution  of  the 
«■binuice.  a  solution  uf  the  red  prus^iatc  of  potusb,  which 
detc<;ts,  by  tbe  production  ufa  blue  precipitate,  tbe  suchtest 
tmnf^ufproluxide  of  iron  in  solution.  Tliisblueprerlpitato 
ut  produced  t:ven  »hen  the  pruioxidc  in  accompanied  by  a 
bÜtC  quantity  <il'  iMnraxide  of  iron.— But  if.  now,  melalUo 
^Id  tibould  have  separated,  it  is,  after  some  time,  to  bo 
liJI«r<;d.      It  is  Ibcn  tu  bu  uindied  well,  t;(-ntly  i<j7uted, 
and  woiglied.    Krom  the  quantity  of  i^dd  obtained,  tbe 
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quantity  «f  dxygcn  whirh  wa«  necessary  U»  convert  tJic 
protoxide  of  iruii  into  peroxidt^  of  iron  is  asrcrtained  liy 
calculation :  this  Is  the  third  pan  of  (hr  i)iiHntily  of  oxy^i^n 
contained  in  the  |H'^ru\idc  uf  inin  which  ha^  rcsulled  from 
the  oxidation  of  tlio  protoxide  of  iron.  If  we  double  this 
quantity  of  oxygen,  wo  have  tlie  quantity  of  oxygen  ap- 
pertniiiiiijr  (i>  tlic  protoxide  of  iron  coutuinod  in  th«  siit>- 
staiicc  aualysed.  Hence,  the  quantity  of  protoxide  of 
iron  can  be  eiutiiy  calculated. — It  h  necessary  that,  during 
tbo  solution  of  the  substance  in  muriatic  acid,  the  acccsji 
of  atflioaphcric  air  bo  prevented  as  much  as  possible, 
othervrise  a  portion  of  the  protoxide  might  be  convert«^ 
into  peroxidf,  Ijelorp  the  addition  of  the  gold  sohition.— 
Oue  cannut,  instead  of  a  ttolntion  of  the  double  chloride 
of  gold  nud  i>o1assiuin,  or  of  gold  and  sodium,  employ  u 
solution  of  the  simple  chloride  of  gold,  with  tlic  Ukc  good 
consequences.  Even  when  the  lativr  is  prepared  with  the 
grciitettt  care,  it  yields  reducL-d  gold,  in  consequence  of 
accidental  circumstances,  niuch  easier  than  the  crystallised 
double  chloride  of  gold  and  potassium,  or  of  gold  and 
sodium  diH-s:  the  cniploymcnl  of  the  chloride  of  gold  xolu- 
tion  Ivuds  therefore  to  uucertain  ruMuII.'i.— U'  the  substaacr 
submitted  to  analysis  contain  small  porrion»  »f  foreign 
iidmixtures,  which  an*  insohibl«  in  luuriatlc  acid,  tbu  re- 
duced gold  is  dissolved  in  aqua  regia,  aud  thus  separat«) 
from  the  impiiritirs.  The  gold  solution  is  filtered,  and 
the  insoluble  suhstartces  nre  washed,  dried,  ignited,  an^ 
weighed-  Upon  deducting  the  weight  so  obtained  from 
lliat  of  the  reduL-ed  gold,  the  remainder  indicates  the  true 
quantity  of  the  latter. 

This  method  of  determining  the  quantity  of  the  prot* 
oxide  of  imn  in  a  compfumd,  can  be  employed  in  mniiy 
cases,  in  which  the  above  method  of  determining  the 
quantity  of  the  peroxide  of  iron  is  impracticable-  it  h 
easy  to  perceive,  that  it  is  impossible  to  execute  the  lattof 
process,  when  the  subslauce  to  he  aualysed  coutaius  cuo* 
.slitucntH  which  sulphuretted  hydrogen  precipitates. 

It  has  already  heeu  oIimtvimI,  that  num^  of  these  me- 
thods can  be  employed  uheu  ihe  substajico  to  be  analjs«! 
is  insoluble  in  muriatic  acid.     Not  only  ace  yte,  in  this 
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cast*,  -witlmiir  tlu-  means  of  determining  the  relative  qtiiin- 
litics  of  ]n'n)\iiU'  iind  pmtoxitk-  t»i'  iron  «'ntilained  in  the 
t'(»m|>ouii<l  which  \»  oxamincd,  but  wc  un-  ol'ti-n  iitiablo  to 
deiprminc  wrth  certainty  which  of  the  oxides  it  is  that  a 
particular  «ubslaiK-e  cotiliuus.  We  delenuine,  in  such 
riiües,  the  quantity  of  iron  as  peroxide,  and  it  is  iu  genenü 
assumed,  that,  when  no  excels  is  obtained,  by  thoanalysis, 
the  iron  was  contained  in  the  siil>stiince  an  peroxide,  and 
that,  when  an  excess  in  ubtaincd,  it  iadicates  the  presence 
of  protoxide.  When  ihe  anulysis  h:iH  been  executed  with 
care,  this  assumption  is  proper  enough  if  iron  is  the 
prtncipul  constitncnt  of  the  substance  examined.  But  if 
this  LS  nut  the  ruse,  the  hope  of  drtcmiining  the  stale  uf 
oxidation  of  the  iron,  by  experiment,  must  be  given  up. 
Even  wh(-n  tile  other  ovideji  which  the  sukstanee  contains 
are  iarapable  of  reduciion  by  hydnij^vn  finx,  we  »rr  itlill 
unable  to  determine  the  quantity  of  oxygen  in  t]ie  oxides 
of  iron;  becuuse,  in  ^ncra),  the  oxides  of  iron,  whirh  are 
contained  in  MlbiJtances  that  are  insuhible  in  muriatic  acid, 
arc  ineapiible  of  beinp  reduced  by  a  sircam  of  hydrogvn 
ffa«. — Tlie  colour  of  the  substance,  to  which  we  mi^bt 
](M»k  as  a  means  of  indicating  the  statu  of  nxidiition  of  the 
iron  it  conluios,  ia  often  very  deceptive;  yet»  in  general, 
it  is  Considered  that  a  ^rreen  or  black  colour  indicates 
protoxide  of  iron,  while  a  red,  yellow,  or  white  colour 
aatborises  us  lo  deeido  that  peroxide  of  iron  is  present- 
It  is  indeed  true  that  a  green  or  black  colour,  especially 
«ben  the  .substance  acts  strongly  upon  the  ma^et,  is 
indicative  of  llie  presence  of  protoxide  of  inui.  It  is, 
however,  no  luss  true,  that  the  substance  can,  at  tlic  saiuo 
time,  contain  much  pen>i:ide  of  iron. 


XV.    Z!\C. 

Quitntttatuv  Estiimiduit  as  Sufphau  of  Zinc. — When 
oxide  «f  vünc  is  contained  alone  in  u  solution,  and  is  to 
be  quantitatively  determined,  it  can  be  converted  into  a 
sulphate,  yet  this  method  of  estimation  does  notsaccecd 
Kit  well  as  it  does  with  majniesiu.  The  sulphate  of  zinc 
loses  a  portion  of  its  acid  during  ignition,  on  which  ac- 
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cAiinf  a  smiatl  (jiitintUy  6Y  tß(>'!Üuf  I^  sttbscqncntly  in'!*<»TiiMÄ 
in  water. 

.  JPrecipitation  h^   VarbMtate  of  Potiitfi. — Tbc  common' 
precipitant  of  b?cidi.>  of  zinc  is  a  solmion  of  rnrbonatc  of 
polasli.     If  tlie  solulitin  of  oxide  of  rinc  rontnin  no  am- 
moniacal  .salts,  it  ts  mingled  with  an  excess  of  carbiraato 
of  pota-th,  and  heated  till  it  boils:  the  pn^ipltiilcd  car- 
bonate of  aiiic  is  (lien  fillfred  and  wastit-d.      If,  on  liio 
contrnn*,  ommoniacal  salts  be  present  in  the  solution,  ih# 
atnmoniacal  salts  must   ßrHt  )m>  destroired   l>y  the  joint 
operation  of  earbountc  of  pota.tit  and  heat.     The  be^li 
method  ofproceedinir,  is  to  nii\  the  solution  with  such« 
quantity  of  carbonate  of  potash,  as  may  be  sutHrient  (o 
decompose  the  nronioniural  salts,  and  then  t«  cvupörat«' 
the  mixture  to  dryness.    Hot  water  is  poured  over  the  dry 
mass,  (he  mixture  is  heated  till  it  botlH;  the  carbonate  of 
xinc  is  then  filtered.    Care  niuKt  be  taken  out  to  maiei 
mistake  in  the  quantity  of  carbonate  of  potash.     The 
same  general  precautionary  measures  arc  lo  Imj  observed, 
»s  have  been  dcscrilwd  ut  page  55,  in  trcatinjr  of  the 
separation  of  mn^rncrfia  fmm  a  sobition  containing  am- 
monia.    If  a  solution,  containing  oxide  of  zinc,  were  to  lie 
mixed  vkith  an  cxcc^is  nf  carbonate  »f  polaith,  evaporated 
Teryslottly  by  a  k«*»''''  liciil  to  dryne*»,  afterwards  miuErled 
with  cold  water,  and  then  filtered  tOiMiparnt*;  the  carlionate 
of  xinc,  the  liquid,  ivbicb  would  pass  through  the  filter, 
would  still  contain  mueh  oxide  of  xinc  in  .«oliitiun ;  bat 
(his  IS  nut  the  ca.se  wln-n  the  .Solution  i.s  evaporated  by  n 
stron;^  beat,  und  the  dry  ma&s  \a  treated  with  hot  water, 
in  the  manner  whieh  has  been  recommended  above. 

After  the  pR-eipitution  of  oxide  of  zinc  by  cnrbonat«  rf 
potash,  the  operator  should  never  neglect  to  examine 
whether  the  solution,  filtered  from  the  carbonate  of  linr, 
!m  free  from  oxide  of  zinc.  The  Uvst  method  of  making 
tills  exiuniniition,  in  to  add  lo  the  äututiöii  a  fen  drops  ef 
fflhydrusulphuret  of  anmiuiua.  If  a  while  vuluminoiu 
precipitate  i»  [irodueed,  it  is  a  prw>f  Of  the  presence  of 
dissolved  oxide  of  zinc.  The  small  quantity  of  snlphuti"* 
uf  sine  thus  preeipitated  is,  in  such  a  ca^i«.  tu  be  treated 
'  tu  the  manner  which  will  be  inresently  described. — Wliei 
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the  carbonate  of  zinc  has  been  precipitated  with  the  ro- 
quiuilu  |in>cau liniiR,  llie  qiianlity  of  Kiilphiiit't  of  annc 
obbUDtMl  fruiQ  tlie  tiltcri.'«]  »ultiliuu,  is  iniiiüiidi-TablL*. 

Tbe  curboouic  of  idiic  is  dried,  and  then  .slroiigly  igiiiied 
in  tt  platiaum  t-niciblc  uvrr  a  spirit  lump  with  cifriilar 
Mirk,  by  which  means  it  is  deprived  of  its  carbonic  acid: 
It  is  thai  wt'itflitd. 

J*reripitaiwH  Ay  Bih^drusulyhfrel  vf  Atuntoain. — Zinc  is 
urteil  prt-nipitati'd  »s  siilplinnit  of  xinc,  I»)-  biliydrosiil- 
phun-t  ui'auuiiouia.  Ifllit;  solution  of  the  Kinc  uxido  suit 
be  neutral,  the  bibydrosulpliuret  of  animouia  in  added  Id 
it  directly;  if  the  solution  be  acid,  it  is  previously  super- 
«aturated  uith  uaimunia,  by  which,  whun  the  proper 
()uuutity  i.s  added,  Uie  oxide  of  7.mc,  at  first  precipitalet^^ 
is  rcdissoWed  ;  the  operator  can  then  precipitate  the  nuU 
phuiet  of  iUJUc,  which  is  insoluble  in  every  excess  of  ulcali. 
The  suJphurct  of  zinc  furms  a  white  voluminous  preetpl- 
tntr,  uhich  must  be  allowed  to  subside  completely  before 
the  solution  is  Itllereil.  'Ilie  openttor  lirst  filter»  the  clea^ 
subiliou,  uud  briiiRd  the  sulphuret  of  zinc  upon  the  Htter 
tUterwanls.  If  be  neglect  tliis  precaution,  the  sulphuret 
uf  zinc  stops  the  pores  of  tlic  puper  at  the  beginning  of 
tbe  Altering,  and  the  solution  passes  through  exceedingly 
sluw.  The  sulphuret  uf  ünc  is  washed  with  water,  to 
wbidi  biliydrusulphuret  of  ammonia  bus  \>ecu  added:  il 
ia  token  »ct  froui  the  funnel,  and  digested,  wllb  the  jllter, 
iu  cuuccutratcd  muriatic  acid,  by  which  it  is  dissolved, 
while  a  disen)ca);ement  of  sulphuretted  bydrogeu  gns  taikts 
|)lace.  When  lite  digestion  has  (-ontinu(-<l  so  tunü;  thut 
the  stucit  of  suiptiuretled  hydrogen  is  scarcely  any  longer 
ficosiblc,  the  solution  is  filtered,  and  the  ziuc  is  precipi- 
tated by  carbonatuofpotodh. 

iii'parativn  from  the  Oxide»  of  Iron. — Oxido  of  zioc  ia 
ii«|»arali;d  frooi  p«n)\idu  uf  iron  by  caustic  ammonia, 
uliich  must  be  added  in  e\(X'ss  lo  the  solution  of  the  two 
u.vidcs.  1'be  usLidr  of  zinc  remniiLf  in  solution,  while  the 
peroxide  uf  iron  precipitates.  From  ibe  solution,  liltenx) 
from  the  peroxide  of  iron,  the  oxido  of  ziac  is  separated 
by  mixture  with  carbonate  of  poiash,  and  evaporation  to 
dryness. — 'When  oxide  of  zinc  is  to  bo  separated   from 
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prolo>ci(te  of  ittfa,  the  laltcr  miut  tirst  he  converted  inltf 
pt-roxiik  nrirnn,  by  lirini^  )ir»tnl  with  nitric  iicid. 

The  separation  of  oxide  erf"  «inc  firom  peroxide  of  iron, 
by  an  excess  uf  c»ii!<li('  iitnninnia,  ran  only  l>e  eflcrli-d 
with  accuracy  wlieu  Uiu  quantily  of  o\iiIe  of  rinc  i»  not 
wry  coQsidi^rablc.  When,  on  the  contraiy,  the  oxide  of 
idnc  prepondcmlps,  it  is  difficult  to  obtain  Ihc  pcn>:tidR  of 
im«  «ncontaminatcd  by  oxide  of  zinc.  It  is,  in  that  ca»e, 
better  to  efl'ect  the  separation  of  the  two  oxides  liy  kiu*- 
ciniite  of  ammonia.  The  sitlution  must  limt  be  saturated, 
or  rather  soiiicwhat  stipersatii rated  by  aiDmonia;  a  very 
small  portion  of  the  peroxiil«  of  iron  must  have  been  prr- 
ciptlated  by  the  cxcc&f  of  ammonia,  and  must  still  remain 
imdissolved  when  the  saccUiatc  of  ammonia  is  added. 

Separatioa  from  Protoxide  of  Jtangnuexe.—Fnmx  prot- 
oxide of  niangane.se,  the  oxido  of  zinc  cannot  be  separated 
by  caustic  potash.  Even  when  a  prcal  cxccs-s  of  caustic 
potash  is  added  to  the  sohitimi  of  the  two  o\idcM,  and  the 
mixture  is  boilrd  for  a  (.:on.siderable  time,  a  f;oo<l  separa- 
tion is  not  effected.  On  account  of  the  access  of  air,  the 
protoxide  of  m!int;nn(>s<>  is  partly  convcrtL'il  into  deut- 
oxide,  %vhich  viui  hi*  sepurateil  by  liliralion,  and  ch-anscd 
by  \va.shing-;  there  still  remains,  however.a  small  quantitjr 
of  oxjdc  of  xinc,  combined  with  the  manffanrisr,  and  the 
two  substances  caimot  be  totally  separated  by  the  action 
of  caustic  potash. 

Manjranese  and  xinc  mnst,  therefore,  be  separated  in 
(|iiilc  a  dilU-rcnt  iiKiinicr.  The  operator  ran  prrrijiitiitc 
them  topelher,  by  cariionalc  of  polasb^  as  otrbutiateil 
oxidcji,  and  afterwards  convert  tlieni  into  metnllic  rlilfj- 
rides.  The  chloride  oi'j^inc  is  volatile,  and  can  be  sepa- 
rated from  tlierhtoride  ot  manganese  by  distillation.  Thr 
modi-  of  procccdins;  is  as  follows:  The  rarlwnated  oxides 
arc  slroii[;Iy  ignited»  and  weighed,  llnrin^  tin;  ienition, 
they  lose  their  carbonic  acid.  What  remnims  is  n^ide  of 
Kinc,  and  brown  oxide  of  manganese.  This  rcmaindci  is 
put  into  a  little  glass  bulb,  to  each  side  of  which  a  i^iasA 
lube  u  soldered.  These  tid>es  mrisl  not  be  of  too  small 
a  diameter,  and  one  of  them  must  be  more  than  twice  as 
long  as  the  other.     The  bulb  with  its  s^asn  tubes  ia  weighed, 
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lK?r»rA  the  nxidrs  arc  put  into  it.  Tbc  M-ei^ins  Imving 
bocD  eficcted,  the  necessary  qatuitily  nf  the  o\Ldi>s  in 
iiuMTlcd,  nnd  (he  inu-rior  of  the  tubes  is  rieaiisod  Croiu  any 
piirtiuD  of  the  oxitles  by  m*iaiis  of  tJjc  plume  of  a  fcntherj 
TliereiiiioQ  the  little  nppiinilus  i.s  again  weighed.  Thi» 
«cond  wciphin-p'  .shows  Ii««  much  of  tho  oxides  is  cni- 
^nycd  in  the  cxpcrimeiil.  The  operator  now  leads  over 
IhcäO  oxides  a  current  nf  dry  muriatic  acid  fpi&,  iti.s«a- 

Sigin^  it  from  thf  flust  «,  in  which,  previotm  lo  placinjj 
e  apparatus  to^^ethcr,  a  quantity  of  comuion  »alt  hna 


been  put.  Tho  opening  of  the  fla»k  a  b«  <'lo9fd  with  a 
cork,  rhnKi^h  which  paKties  the  neck  of  a  lou^  {\iuuel, 
bent  into  u  IuIk-  «f  »arrly,  and  of  which  the  inferior  end 
(which  ia  best  if  ]>iiiiiti;d)  (;ocs  tiul  a  few  inchr»  into  the 
Hast.  l'p«ii  ^radnally  poiiritiff  concentrated  siilphnric 
ncid  through  this  funool  into  the  IIukI:,  n  disengagement 
uf  muriatic  acid  gas  is  occasioned.  Tfiis  fan  e.srap08 
thmtiicfa  the  i^nit-rcmdiictiiiir  liihc,  which,  ait  we)]  as  the 
funnel,  pluses  through  the  cork  of  the  lliLsk.  This  tub«  is 
b«nt  at:irishlan);te,  and  provide<l  with  iwo^daäsbulbü  ce, 
in  which  the  greater  portion  of  ilir  nioisltiiv  in  eondcns«^. 
To  dry  the  gas  completely,  it  is  next  pHssed  throHjil»  the 
glass  tube  ft,  which  is  Hllrd  with  chloride  of  calcium,  and 
comiccled  with  ihc  giiH-r»>ndiictiii);  tuhr  hy  a  tube  of 
Indian  rubber.  Tho  other  cod  of  ihc  tube  containing  llio 
clilorido  of  calcium,  is  r»mieeted,  al.<H>  l>y  mcanft  of  n  fabc 
uC  Indian  riihlHT,  with  the  bulb  e,  in  which  the  oxich'X  for 
dccompoFiiiion  arc  placed.  The  longer  of  the  two  glass 
lubes,  with  which  tlic  bulb  e  was  provided,  must  buVc 
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been  iKnl,  hy  boating  it  over  l}ic  ftanin  of  a  spirit  lamp 
vritb  circular  vrick,  odco,  at  a  right  aagle.  This  bcudiu^ 
njusl  Im\«  Imjcu  elli^cteil  iiIut  llif  ^n'coiid  wtif^hing  of  the 
bulb,  lor  bad  tlit;  bt-nil  been  luiiilc  in  ihc  lube  before  the 
oxides  had  been  uLSLTtcd  in  thu  bulb,  the  weighing  of  tliu 
bulb  with  the  oxides  would  hrtvr  \HH'n  difficult.  Thv 
iu\t\\  thiLs  hellt  at  »  I'iRhl  uiiult-,  im:>.s{»>  through  a  cork, 
which  closes  the  toouth  of  the  lla«k  k.  Tlua  yessel  i« 
half  tiiird  with  niitur,  mixtid  with  cuiistic  niumoDia.  Tbc 
glass  tubo  etuU  yisl  Ifelnw  Uii*  surfac«!  of  tli«!  liquid-  The 
cork  of  the  flask  k  has  n  second  hole,  Ihrmigh  which 
another  gas-condiicling  tube  jxiäws. — When,  now,  thn 
atmospheric  air  has  beeu  expelled  irom  the  upparatiut  by 
the  ätrcatn  of  muriatic  acid  fpi»,  the  bulb  e  in  p-^dualty 
boated  by  the  t1»me  of  a  spirit  lamp  with  circular  uicL. 
The  oxldpM  »rv  then^by  i»>nvtrt<'d  into  metallic  cliluridcji; 
the  cnnvL-mion,  honcver,  takes  plucv  but  slowly.  The 
clduride  of  /juo  %'olatiliiKs,  yet  its  complete  Mcpnratioo 
by  volatilisation,  is  effected  only  by  the  stroogest  dc^a«: 
of  heat  which  iho  ftj)irit  lamp  with  circular  wick  can 
pniduce.  If  the  ([uaulily  of  cliloride  of  xinc  lye  cunsider- 
ubl«,  the  ojtenition  must  be  continued  fur  several  hours, 
before;  the  whole  of  the  chloride  uf  xiuc  i«  distilled  olT.  It 
is  necessary  that  the  glaäs  lube,  which  is  bent  at  a  rifiht 
anglo>  have  a  pretty  large  Uinmcter,  about  thü  third  uf  au 
inch,  for  example,  in  order  that  it  luuy  not  be  stoppc-d  up 
by  the  volatili/cd  chloride  of  zinc.  The  llame  of  a  small 
spirit  lump  i.s  employed  to  drive  chloride  of  ziuc  from  the 
bulb  c  towanls  the  tiask  A.  If  it  ^atlier  (oi^cther  in  tliv 
bend  of  the  tube,  it  is  best  drivcu  oa.  by  direcijii^  the 
flame  of  the  spirit  lump  tuuardd  that  part  of  ibe  tvbe 
tifith  a  blow  pipe.  The  chloride  of  /inc  is  thuu  forced  to 
|)a.sB  into  the  llask  k,  by  the  äuluLioti  in  which  it  is  dis- 
solved. When  no  mure  chloride  of  ziac  pusiic:)  from  the 
bulb  e  towurd.H  the  lliuik,  tli(;  experiment  is  linLshei).  The 
flame  of  the  lamp  is  then  gradually  diminished,  and  the 
bulb  in  allowed  to  cool,  a  continued  ciirrtuit  of  muriatic 
acid  gaj«  being  »llowed  to  pa.ss  Ibrciu^b  Llus  upparato» 
during  the  wboltf  time  of  cooliii^r.  When  the  whol«  i* 
ODOrplctely  cold,  the  sla^ui  tube  it  cut,  with  the  help  of  a 
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lit  it'  the  cbloride  of  zinc  bu 
nni  iMH-n  driren  boyond  that  murk,  »nd  ctinnot  be  readily 
flrivrn  su  far,  thi*  tube  is  i-at  at  a  Klmrt  distance  from  the 
bulb  e,  and  the  (.'bk»Ti(k  of  xiiic  which  rcmaiiiH  in  Ihc  tulw 
iffTcry  carefully  niiMhed  iuto  the  IKsk  A.    The  solutiiiii  in 
the  (litsk  then  contAi  n.s  nil  the  'zinc,  whieh,  al  the  bcf.'iiitiiiiK 
of  the  proccsü,  wa.'!  contained  in  the  bulb  e,  in  tht^  state  of 
oxide.     Tfae  operator  adds  1o  this  solution,  a  soflicicnt 
qoittitify  of  riirboniKc  of  ptitasb,  ami  prft-ipilntrs  ihr  zinc 
in  the  iniimirr  which  hn.s  been  fk'scrilwd  iiliovr.     There-  ' 
apon,  tile  [Hirlion  of  the  ^lii.-«  tube  in  which  th«  clilondeof 
tine  was  otmtained,  is  clcaosfd  and  dried;  after  wbicli, 
the   bntb  e  in  Mti^hoO,  and  iho  ehluridc  of  ma^ii^'ancso 
wbicfa  It  contains  is  mt[)arated  from  it  by  solution.    The 
bulb   ia  then    Jrit-d,  and   agiain   uei^rd,   lo  enable  Uio 
ü|)emtor  to  dctemiiue,  trom  the  l(w.i  of  weight,  the  qmrn- 
tity  uf  the  rhUiridr  of  man^nc^e.     But  aa  the  finas  is 
often  nttncked  in  this  oiK*mlion,  and  the  chloride  of  man- 
pinfse  cannot,  on  (hut  acrount,  he  fully  dissolved,  il  ig 
not  iiOüsible  to  ohtiiiii  ibuti  a  very  aceiintte  result.    For 
^i»  reason,  when  tlio  chloride  of  inan^^aucse  liaii  been 
JItonlved  in  water,  tt  is  proper  to  wa-sh  out  the  bulb  e 
with  diluted  muriutic  acid,  and  alter  that,  wiih  water; 
MUd  lo  add  tlie  wasbini^s  (u  the  dixsntved  chloride  olnuiQ- 
giinexe,  with  which  they  form  a  clear  soltuitm.     If  a  very 
.«mall  ijuunlity  of  silicic  acid,  restiltini;  Iroui  the  deconipo- 
silionof  the  ;:la:«8,  appear  ill  tbo solution,  it  oiuut  be  liltt^red. 
Frf>m  the  tilteitfl  solution,  the  protoxide  of  manganese  is 
M'paraled  by  ciirboniite  of  ]>i>taKh,  in  tJie  manner  nhich  biu 
been  ciramislanlially  deNcrilH'<l  at  pii^'e  42.  The  carbonato 
of  pirotoxidc  of  maiifcanciM]  ia  converted,  by  i^itiun,  into 
Imiun  ovide  of  nian^aiicse.      The  weight  of  the  broMu 
oxide  of  manganese,  added  to  the  wei;;ht  of  the  oxide  of 
adiH;  obtained,  niust  a^ree  with  the  txtmmuu  weight  uf  ihu 
prntion  of  the  oxides  employed  in  ibe  experinient.     Wlii.ii 
the  relative  propuriioii s  uf  the  t\u>  oxidei*  arc  ihui«  leiuiicd 
by  «xprriment,  in  ojKTating  apiiii  a  given  portion,  tJio 
Operator  ia  eiuthled  to  calculate  the  total  (juantity  of  eacit, 
routaine«!  in  the  substaucu  tiulimitled  tu  unalj^iH.     As  the 
hritit;iu^  uf  the  mixed  ovidcs  into  the  bulb  e  of  ibe  ulMno- 
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uf  cvbiilt  rrciin  other  subütnnrrs  in  uAcn  arccmpuMl 
many  diftirultics.     It  cannot   be  scpanitrd  by 
potash  fmm  o\k\v  "f  r.mr.  ncit  even  when  Ihr-  ."iiklntil*^ 
iKith  mrtjus  is  iMiilfd  w  ilh  a  pn-!il  excess  i»fr:iiiKtir J 
It  is  true,  that  the  oxide  of  zinc  is  dissolved  in  thl»! 
tion,  but  thp  oxide  of  coWIt  which    remains  xtoi 
still  conlaiiiii  ii  ^-at  qiiitnlity  of  oxide  of  zinc, 
is  incapable  of  boin^  separated  by  any  ex<xss  oft 
potash.     The  nnly  method  of  eompletcly  separatiRgl 
Inn  oxide»:,  cünäisiü  iu  couvertini:    tlicni  into  rh 
and  in  separating;  the  volatile  chloride  of  zinc  fnimi 
of  cobalt,  by  diAlillatton,  while  a  current  of  mnrialfci 
ffas  is  pnäsod  through  llie  upparatUR.     Ilic  op«ratorl 
by  prccipilatini;  both  siihstanees  in  the  state  of  car 
bv  means  of  cart>onate  of  {wtaxh.     ff  the  Kotution  i 
amiuonincul  salts,  the  pn^ipitulion    must   be  eflectrflj 
tucanH  of  an  cxccsd  of  carbonate  of  pntasb,  and' 
pri-cautious  which  are  nece^sary  to  |>e  nbserved  ifl 
precipitation  of  oxide  of  zinc  alone  (page  7-1).   Thel 
Kohition  can  still  retain  a  little  oxide  of  cofaall, 
ntiiKl  be  precipitated  by  bihydroHuIphiiret  of: 
examined  apart. — The  carbonate»  are  i^iitcd,  uril 
deprived  of  their  carbonic  arid.     The  n-sti]tin<roud 
then  weighed,  and  treated  in  an  apparatus  äimtlul 
depicted  at  page  77.    The  process  is  preeiäcly  sii 
lliat  rpconimendcHl  for  sejuirating  the  oxides  of; 
muuiotncse. 

SejHxrution  from  Peroxide  of  Iron, — Oxide  of  cohfe* 
be  sopatatcd  i"r«tm  peroxide  of  iron  by  tlie^  pn>rcst4 
to  st«purute  peroxide  of  iron  from  protoxide  of  i 
The  solution  of  both  snbstances,  especially  «bei  i 
small  qnanlity  of  peroxide  of  iron  is  prp.tent,  in 
with  a  solution  of  aa[  ammoniac,  ^vhich    ncK«s< 
property,  when  added  in  .sufficient  quantity,  uf 
Üiß  precipilalinn  of  oxide  of  cobalt  by  caustic 
Tf  the  solution  is  very  acid,  the  addititm  of  sal 
I.S  unnecessary.      The  solution   i»    thcu    satnnli 
ammonia,  the  prccatitions  being  observed  n-hich  iHit 
pointed  out  at  page  55.  The  peroxide  ofium  is  ibi 
precipitated  by  a  neutral  alcaline  succiiiatr.  and  I 
cinate  of  iron  is  treated  in  the  manner  which  bai' 
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from  mnpicsia  pretty  nearly  in  the  same  manner  lliat 
protoxide  of  manEfEtTK'.-w  i^  scpnratod  from  mairncsia.  So 
rniirh  tniiriiite  of  ammonia  is  added  to  the  .solution,  that 
upon  tlic  addition  nf  caustic  amrnimia,  iHith  llir  oxide  of 
zinc  and  the  tnugmesia  rvniain  io  solutiou.  When  the 
solution  is  acid,  tbe  addition  of  muriate  of  anunoiiia  is 
unnecessary,  iK^ausc  the  saturatiou  of  the  acid  by  am- 
inoDta  produces  a  sulficient  quantity  of  an  auuoouiacal 
salt.  The  zinc  is  prccipilnlcd  fnmi  the  aminimiaral  »ohi- 
lion  by  bihydroHulphiiret  of  ammonia,  as  »ulpluiret  of  zinc. 
The  solution,  (iltorcd  from  the  tiulphurct  of  zinc,  iit  acidu- 
)atr<l,warmt-d,au<l  tillcrt-d  from  thr  sulphur.  Tlie  magnesia 
can  then  be  precipitated  in  the  ii»iial  manner. 

SqMiratiim  from  Lime. — Ttie  separation  of  oxide  of  zinc 
from  lime  can  be  eltccted  in  the  same  manner  as  ttie 
separation  of  lime  rnim  ma^r.sia.  The  scilntiun  is  made 
ammaniacal,  and  Uic  lime  is  precipitated  by  oxalate  of 
ammonia.  The  ovalate  uf  zinc  dues  not  precipitate,  bcini^ 
retained  in  solution  by  the  ammoniii.  The  solution, 
Uttered  itom  the  oxalate  of  lime,  is  min«le<l  will)  carbonate 
of  jH>tash,  and  evapomtril  by  a  strong  heat  to  (lr^'nf.ss. 
Tlic  uxide  of  zinc  is  thus  obtained  iu  the  state  uf  r-ar- 
bnnate.— The  operator  can  also  separate  lime  from  oxide 
of  zinc,  by  adding  ammonia  to  the  »oluUon,  and  precipi- 
tating  Ibc  zinc  as  sulphuret  of  zinc,  by  bihydrosulphuret  of 
aiumonia.  This  precipitate  must,  however,  be  quickly 
Gltercd,  and  protected  during  the  filtering,  as  much  as 
possible,  from  atmospheric  air,  otherwise  the  salphurct  of 
zinc  may  bo  contaminated  by  carbonate  of  lime.  Uut  iis, 
in  this  process,  the  precipitated  sulphuret  of  zinc  cannot 
be  allowed  to  subside,  it  is  f^)od  to  cffei^t  llie  precripilation 
in  a  flask,  which  caji  be  clused  by  a  cork  ;  the  air  cau  I  hen 
be  kept  off.  aad  at  the  same  time,  the  precipitate  be 
allowed  to  subside.  When  the  sutphurct  of  zinc  has  fnlly 
L-M|HUi>d,  the  solution  is  filtered.  The  filtered  solution  is 
ÜHMalcd,  uiirnied,  and  u^in  filtered,  to  separate  tbe 
sulphur.    The  o)H'rator  can  then  precipitate  the  lime. 

Srpanition  from  Strontian  autl  Burytcs. — Oxide  of  zinc 
can  bf  best  separated  from  strontiuu  by  the  proces.t  which 
liiujast  been  descniKd.— Trom  barytes,  on  the  contrary, 
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oxiilfl  nf  sine  is  äO|)umt(-(l  hy  ailtliug  sul|vliiiric  add] 
«tluliou,  wtiicb  tfarowfl  down  aiilphoto  of  baiylnK.  ft] 
oxido  of  xinr  is  iiricnv'iirda  prccipittitt^l  from  tbci 
which  is  filtcrwl  IVuin  ihc  sulphate  ol"  l>ar>'t(^< 

Separatw/t  from  the  Fixed  Alcalies,- — -Oudc  ofgÜNfl 
separated  Ironi  tlie  fixed  ulrjilie»,  by  n-nderiD>:  Ihi- 
ammonitinit.  nnd  prE>ctpit»tiritE  ibe  zinc  in   the 
fiulpluiret.    Thf  tillnn?«!  sulutiüii  is  »ciUulitti^I. 
a^iiu  liltvred.    It  is  then  cva|K>r»tc<i  tu  (lr>ue&ih 
dry  mass  i«  i^iiited.    The  rcmnindcr  consists  of ' 
alrHlicH,  cunibtiii-d  with  tbo  acid  uitJi    which 
combiutM]  bclVtrt-»  the  Keparation;  providm),  himcve 
the  acid  lie  ttot  udc  of  those  whose  »alt«  »ru  d«cu 
by  i^itioii. 


XVf.    COBALT. 

Pnrijntation  of  Oxide  of  Coltait  by    Gmstie 
The  oxide  nf  cobnit  is  bcitt  precipitated  I'mtn  its  » 
by  caustic  potash.    The  prc-cipllntr  is  bulky,  imdofil 
coluiir,  which,  after  sodiv  time,  passes  iuto  green.  lit 
proper  to  precipitate  the  oxide  Iroia  a   bot  soItilH^I 
to  boil  the  sobition  alter  precipitation.     Th«;  coloorW 
prccipitiilo   liirreupoti   changes,    and    nf'tcr   long 
liLTomes  dirly  rose  n>d.    Thi.s,  however,  is  not  alwi^it 
case,  even  ^-hen  the  solution  of  cobalt  ban  been  prrfi| 
diluted  \v  itb  uu  i^)uul  quantity  of  wuttT.    The  prcci| 
oxide  is  waslied  clean  willi  dilficulty.     Xhc 
ceeds  \wni  with   hot  ujUcr.      After  )>cin!£   wnshedr 
dried  and  i;£:niti^d,  iipun  »hieb  it  turus  bliick. ;  it  'a\ 
weighed.  ■■■  '  ■. 

Reduciiaa  of  Oxide  of  Cobalt  by  Hydrotjem 
cording  to  the  above  methiKl,  huwever,  it  ist  oot 
to  deterniiiic  with  accuntry  the  quoiillty  of  tlie  oxtk* 
cobalt,  nui  is  it  possible  oven  to  apprua<:li  exi 
After  repeatedly  iguitioir  the  oxide,  tJ»c  operutur 
nually  nbtains  a  difl<'n.<nt  wc-ii^ht;    and    tbc  wc 
taint-d  in  this  uionuer  always  iiidicatü  a  fircaten 
of  oxide  of  cobalt  than  the  cxpcriinonts  ou^ht  to 
The  reason  of  this  is.  that  the  oxide,  durinj;  tbe  \p^ 
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lfcci>nte.s  more  higblj  oxidised,  which  is  a  mJEchnncc  which 
cannot  br  afoitled,  nol  evpn  w\wn  the  ij(ni(ed  nxide  i» 
quU'kJy  cooled  in  »  cloxc't)  crnK-iUle.  In  iinlor  to  d<>temiino 
with  accuracy  Ihc  qtiiiiitity  of  cobalt  caiitainutl  in  tliu 
if^itcd  oxiiU',  it  is  iKttt  to  convert  a  wei^rfaed  (|uantity  of 
it,  by  mt-itns  of  hydro!;en  ^ns,  into  rc^iilinc  txrbult,  and  to 
calnilutc  from  the  weif^ht  of  thi>  rcdtiltitii;  metal  that  of  the 
whole  qnnntity  ■>)'  llic  oxido.  The  nxluction  id  perToruicd 
in  lh(>  lnUo\viii>;  manner:  In  the  ttnsk  u,  which  contains 
zinc  and  water,  the  nprnitor  pours  siiiiilniric  and  through 
the  ßinnel  h,  and  thns  priHlurrai,  in  Ihu  ordinary  manner, 
Ihc  diH«ir<>E*'"HMit  of  a  ijentle  current  ot"  hydro^i-u  gas- 
This  OMnpc."«  tliroue:h  a  i^hxaa  tube,  which  is  bent  at  a  rijcht 
ai^le,  and  fnrui^^heil  with  two  bullw  c  c,  in  w)iit:h  the 
greater  part  of  the  moisture  of  the  gas  condcnseit.    Id 


»rtt«-r  to  ilr)'  it  cotupletcty,  it  Lt  next  led  throu|ih  a  glass 
tulH!  d,  filled  with  chloride  of  calcium.  It  is  then  allowi^d 
to  pass  ihroueli  the  alass  Imlh  */,  uvcr  the  ij.Tiited  oxide  ut" 
cobaJt.  The-  bulb  g  must  bo  of  strong  and  dilUcultly 
fasible  ginss,  and  must  have  a  glass  tube  joined  to  each 
»idr.  It  is  first  wriehrd  empty,  and  niter  the  oxide  of 
ciibalt  hoR  hi'on  plnceil  in  llic  bull),  and  tlie  tubes  have 
l)e«n  cleansed  by  Ihc  plume  of  a  feather  from  tlic  particles 
of  oxide  which  may  have  .soiled  them,  it  is  nipiin  wcii^hed. 
Hy  ihiti  means,  (lie  iipvntor  leani»  Xhu  quantity  iif  the 
oxiile  employed  in  ihc  experiment.  The  diflerent  partM  of 
the  apparatus  are  connected  toei'lhrr  by  tubes  of  ludiau 
rulf)>er.  When  the  whole  iipiKtratUit  is  lillcd  with  hydrogen 
KßAt  a  gcotlc  beat  is  applied  to  Uio  gliiss  bulb  g,  whic-h 
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contaiDS  Ihc  oxido  of  cotmlt.     The  hcttt   is  irradimlly 
inrreasetl  until,  a1  last,  the  liulb  is  liealed  tu  Tiill  redne-S.««. 
Tins  Ntrunt;  isii>(i<»i  i-i  iiit1is{M-uS(it)ltr,  Iwcause  (be  rudutxil 
»>balt  miffht  otiicrwisc  posses»  llic  pyroiilioric  pniperljr 
of  infltiniiiit;  oil  the  udmixsiun  tit'  u.tiii<t8]>hi-ric  air.     Tbiit 
operation  produces  water,  part  of  wliicli  Hies  off  with  Ibe 
e\L*eKH  of  liydmgeii  ^uk,  and  part  ik  dt]|>usiti-d  in  dropü  in 
the  lerminatinK  glass  tube  of  the  bulb  tf,  wbeoce  it  must  be 
e^tpelled  hj  (he  flnme  of  a  small  spirit  Inmp.     ^Vlu-n  no 
niun!  wulor  i»  |)radu(X'd,  ad  llic  oxide  of  cobult  is  cuti- 
vcrtod  into  mctaJ.    Tbc  op«mtor  then  cf luics  to  heat  the 
bulb,  but  during  the  cooliiij;  ol~  the  re^iline  cutMilt  still 
coiilinui-s  to  piis.1  liyilru^eii  gas  Uiroiij^b  the  apimralns. 
When  the  wbule  is  completely  cold,  the  bulbiy,  with  iho 
ri*diic:ed  robalt,  is  weislied ;  the  operator  thus  learns  the 
(]uaiility  cf  metal  in  the  wei<;hed  (juantity  of  the  oxide 
employed,  since  the  diflereDce  of  weight  in  the  two  last 
weifrhiiiGrü  indicates  the  (|uantily  of  oxy^eu  which  wiu 
L-ontalned  in  the  oxide  of  cobalt.     From  the  proportion  at 
the  metal  and  of  oxygen  in  the  quantity  of  oxide  sub- 
mitted to  analysis,  the  quantity  of  halA  in   tlie   wliolr 
quantity  of  the  oxide  which  could  not  have  been  reduce*] 
by  such  IUI  exjierimenl,  is  calculated.    If  the  sub.stan« 
submitted  to  examination,  contained   the  cobalt  in  the 
slate  of  oxide,  tlien  the  quantity  of  oxide  must  be  csl- 
culutwl  from  the  quantity  of  metal  obtained. — When  thf 
«ude  of  cobalt  submitted  to  reduction  has  not  been  well 
led,  and  contains  I'orcien  substances,  especially  alu- 
mina, the  reduced  metal  possesses  tlic  pyropboric  properly 
of  iiiHamini;  ujKin  llie  admission  of  atmospheric  air,  even 
when  it  has  previously  been  very  stn)Ui;ty  ijniilcd. 

Precipilufion  Äy  C'arbvnate  of  Potnsh. — The  tixide  0( 
cobalt  ifl  not  precipitated  from  its  solutions  so  completely 
by  carbonate  of  potash  as  by  caustic  potash,  not  even 
when  the  solutions  arc  boik-d  willi  it,  and  do  not  wHilaio 
amiuoniacal  salts.  Nevertheless,  if  proper  precautions 
arc  taLeii,  the  oxide  of  cobalt  can  be  so  ct>mpletely  preci> 
pitated  by  carbonatt;  t>fpiitasli.  that  no  trace»  of  it  can  be 
detected  in  the  liltered  litjuid  by  the  reaction  of  bihydru- 
sulpburct  of  ammonia. 
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Prertpitation  by  liihtfdroxuiphuret  of  Ammnnia, — AVhcn  a 
solution,  from  which  oxide  of  cobah  is  to  be  pn^dpilatcü, 
contains  free  ammoaia  or  ammomacal  Halts,  the  oxide  of 
('»halt  cunnnt  b<>  prpripitati-d  by  raiititir  pitlush.  Tbe 
o[>crHtor,  it  is  tnic,  r»n  mix  tbe  Nobition  wilh  a  sufficient 
quiintily  of  mrlMmat»  of  jiotush,  iijii)  then  ^iiiliiully  dr- 
cumpost!  llie  annmoiiiacul  luills  by  evii|H>mtiuD.  Tlüs 
tncttiod,  however,  in  very  indirect,  and  ercn  nhen  the 
cvaporatiun  is  carried  od  to  dryness,  does  not  give  un 
accurate  result,  because  the  oxide  of  cobalt  is  not  fully 
precipitated  by  alralinc  carbonates.  The  process  is  the 
tniw  tntiiblrsome  in  prnpniiinn  as  the  qunntily  of  the 
atuiDOuiaeul  salts  is  the  more  runsidrrahl«!.  Hy  the  eva- 
poration of  the  solution  to  dryness,  the  oxide  is  converted 
intu  peroxide.  It  h,  eonse<|U(.>ntly,  better  and  shorrer,  in 
ihcsc  cysrs.  to  precipitate  the  cobalt  by  bihydrosiilphuret 
«tf  umuinula,  in  tlic  slate  of  sulphurct  of  cobalt.  The 
solution  of  cobalt  iini.tt  1h^  neiitnil,  or  may  1m-  itiiidr  unimo- 
niacal,  us  the  sulphuret  of  cobalt  is  quite  tnsoluhle  io  free 
nicalies.  l*he  sul|>hurtit  of  eohalt  forms  a  black  preci- 
pitate, which  is  les<i  voluminous  than  the  sulphuret  of 
iron,  and  less  disposed  than  that  sa1>stance  to  become 
oxidised  in  the  air.  The  sulphuret  of  cobalt  isedulctimted 
with  water,  mixwl  with  bihydrosulphurct  of  ammonia, 
which  is  better  adapted  to  the  purpose  than  pure  water. 
In  order  to  find  tbe  (|uanrity  of  cobalt  contatneil  in  tlie 
sulphuret  of  cobalt,  (be  bitter  is  taLeii  still  wet  from  the 
rufinclj  placed  with  ilie  filter  in  a  ^huts,  and  di^sled  warm 
uith  nitric  acid  or  aqua  reiri'i.  until  itll  the  cobalt  is  dis- 
solved, and  nothing  remains  undissolved  but  the  yellow 
sulphur.  Muriatic  acid  alone  does  not  effect  the  decom- 
position of  the  sulphuret  r)f  cobalt.  Thesnlulliui  isdiluti-d 
with  water,  and  liltered,  and  tbt-  iusoluble  remainder  is 
washed.  Tbc  oxide  of  cobalt  is  then  prcciiiitated  from  the 
solution  by  means  of  caustic  potash.  The  oxide  so  ob- 
tained is  ignited  und  weiffhcd,  and  a  portion  of  it  is 
reduced  by  hydrogen  ^s.  From  the  weight  of  tbe  metal 
famiHhcfl  by  this  ]»ortion,  the  quaurity  of  cobalt  contained 
in  the  nlmlu  quantity  ofo\idr  is  calculateil. 

ÜeparatÜM  fron  Oxide  of  Z\hc. — The  separation  ofo\id0 
PART  n.  ti 
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ttvo  oxides,  cotiHiHts  in  convcrÜDfi  tbf-ni  into  i 
ami  in  Kt-paratini:  the  volatile  chloride  of  y.iiir  TrOD 
vl'cot)»l(,  by  di.siillatiun,  nliih-  a  current  ol'  mail 
fAS  is  piiKsed  tbrouuh  the  apparatus.  Tlie  npeiW 
by  pn-ri[iiliitin[;  both  siibstiincK.«  in  the  state  of  oi 
by  meaiLS  ofrarboniilr  of  potAsh.  If  the  siiliilion 
iiiuHioniiiCiil  sails,  the  prcripitntinn  must  be  d 
means  of  an  cxcp-ss  of  cnrbonnle  of  potash,  tUMJ 
precautions  whirh  are  nccrssiiry  1o  bo  obsem 
prm-'ipitation  nfoxid«  of  xinc  »lone  (page  74).  11 
sohition  mil  »till  retain  a  little  oxide  of  coba 
nuiHt  be  pn-cipitalcd  by  bihydroKulpliuret  ufainBl 
cxnmiiied  apart. — The  carUonates  are  ifn>itMl, 
deprived  of  their  rarl>onie  aeid.  The  reäiillin^o 
then  weif^bed,  anil  trealeil  in  un  nppiinitus  aitnil 
depicted  at  page  77.  The  process  is  preeiKC^y  > 
that  recummendi^d  for  separating  tbc  osJdes, 
niADgiinesc. 

SfjiaratioH  Jroni  P/Toxiff''  of  Iron. — Oxicb 
be  sepunited  fmm  peroxide  of  inn»  by  ibo  pi 
to  »eiNimte  peroxide  ofimii  from  protoxicin  of  OH 
llie  solution  of  both  snb.stiinres,  espeeially  wlh 
small  quantity  of  peroxide  of  iron  is  prt-, 
with  a  solution  of  sal  niumoniac,  'n'hich 
property,  when  added  in  sufficient  qiiantitr', 
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fonnerly  dcscrib«!.  Tli«  fMilution,  filti-rei)  from  tlie  succinate 
of  iron,  contains  tbe  oxide  of  cobalt;  il  is  precipitated  by 

-ftihyclrosulphiiret  of  umtiionin,  iti  tho  Mnti*  of  «iilphurct  of 
cobalt, u'hicb  is  ln>aliHl  in  ih«  nmmiiT  alnrudy  particularised. 
—Peroxide  of  iron  and  oxide  of  cobalt  can  also  bo  sepa- 
rated by  Hinraonin  ;  i>ut  in  this  case,  il  is  nrr«wury  to  ndd 
u  Tvty  large  quantity  of  »al  ammoniac  lo  the  «olutioo.  If, 
bonever,  tlic  sohition  is  very  acid,  thi.-}  addition  of  hoI 
aniinoniac  is  unnect^^sury.  This  luelliod  of  precipitating 
tbe  peroxide  of  inm  by  ammonia,  iii.stead  of  by  Hucciuale 
of  ammonia,  and  of  lliereby  separating  it  from  oxide  of 
cobalt,  is  piirticidarly  to  be  rcconimrndni,  when  the  quan- 
tity of  pi-roxidc  of  iron  is  very  small  iu  comparison  «iih 
that  of  tbe  oxide  of  colHÜL—Wlien  protoxide  of  iron  is  to 
lie  sp)Kini1t^)  from  rtxidu  of  coball,  it  is  nvceiwary  to  txin- 
vcrt  ibr  protoxide  of  iron  into  tbe  peroxide,  previous  tu 
attempting  tbe  separation. 

SfßHiratioii  from  Proto^iäf  of  M<inyaffese.—Hhc  separation 
of  oxidu  of  coboJi  from  protoxide  of  iuan>.'aii(.«t'  i^  aci^ui- 
paiiied  by  many  difllculties.  It  eau  only  l>c  accumpUched 
by  convcrtinp  both  o\ides  into  chlorideii,  and  treating 
thrsr  witb  bydrüjn-«  f-^s.    Hereupon.  Ibe  cbloridc  of  cobalt 

\  Ib  retluced  to  metalHc  cobalt,  wbiU;  tbe  cbloridc  of  man- 
iCiinesc  remains  unaltered.  Tbe  operator  be^äiu)  by  preci- 
pitating the  two  oxides  togetber.  Tbis  eau  be  clTectc>d  by 
camttic  potash,  provided  tba(  tbe  Solution  cimtuin«  ueilber 
free  ammonia  nor  ammnniiiral  »alts,  ßul  if  these  are 
present,  it  is  nectwsary  to  employ  carbonate  of  pota^b  in 
excels,  and  to  evaporate  tbe  solution  to  dryncs.s.  The 
operator  ran  hIho.  nliicli  is  better,  precipitate  bolb  oxides 
from  a  neutral  or  amuioniaical  solution  by  bibydrottulpburvt 
of  ammonia.  He  must  then  decompose  the  sulpbnrels  by 
nitric  acid,  and  precipitate  the  oxifles  of  bolli  metals  from 
the  nitric  acid  solution  by  caustic  potash.  I1ic  oxides 
are  «"itshed,  ijinited,  and  weiRbed.  Saeh  a  qnnnlity  ax 
may  be  tbounht  iiece.SKarj'  is  then  placed  in  a  gbi-is  bulb, 
wbicb  bos  a  ^lasa  tube  joined  lo  each  side;  tbe  bulb  is 
heated,  and  a  current  of  muriatic  acid  gas  is  meanwhile 
passed  over  lite  siibAlaiice.  to  convert  the  oxides  into 
chlorides.    For  the  discnj^agcroeiit  of  the  nmriatic  acid 
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gas,  a  flask,  similar  to  Uiat  itrpicLcd  in  the  apparatSs 
clrsrribed  at  pa^c  77,  is  emplnyt-d.  The  operatiun  cun- 
tiaucs  very  long  beFure  tbo  oxides  are  completely  converted 
into  chloride« ;  and  it  would,  therefore,  be  tar  more  udvan- 
tageous  to  convert  the  oxides  into  chlorides,  by  solution  in 
muriatic  acid.  Bnt  when  the  chlorides  are  prepared  in 
this  manner,  it  is  impossible  to  brin^  a  determinate  quan- 
tity into  a  giaüs  bulb  with  accuracy.  The  chloride»  licing 
prepared,  dry  hydro^fen  i^aK  i.t  pisst-d  ihruu^h  the  appa* 
ratuf),  while  the  bulb  in  which  the  chlorides  are  placed  is 
stronply  heated.  The  Hamc  «pparatus  is  employed  tVir 
this  purpose  as  for  the  reduction  of  oxide  of  cobalt  It  is 
depicted  at  pnjrc  K8.  The  disenfrasenirnt  of  hytlnigcn  gas 
is  not  intemiptod,  until  the  i|uatitity  of  muriatic  acid  fnis 
which  issues  from  the  apparatus  is  rcry  inconsiderable. 
The  operation  can  never  be  broupbt  to  such  a  nicety,  as  to 
cause  a  discontinuance  in  the  production  of  muriatic  acid 
gas;  for  even  when  the  chloride  of  cobalt  is  completely 
nfduccd,  there  is  still  n  discnjcavtt^nicnt  of  exceedingly 
sli^t  traces  of  muriatic  acid  gas  from  Ih«  chloride  of  mao- 
fraoesc.  The  latter,  it  is  true,  is  not  decomposed  by  the 
hydrogen  ^^as,  aud  yet,  when  exposed  to  a  strong  heat,  it 
attacks  the  glass.  So  soon,  therefore,  aa  only  inconsi- 
derablr  while  clouds  appnir,  when  n  clasi  rod  moistened 
with  ammoniu  in  hebl  at  the  end  of  the  apparatus  wbere 
the  excess  of  g«s  escapes,  the  gla^s  bulb  la  allowed  lo 
cool,  the  diseniiajjemunt  «f  hydroseii  gas  beini;,  however, 
coKliiuied  during  the  cooling.  When  Ilie  «hole  is  cold, 
the  glass  bulb  is  placed  in  water,  u]>on  which  tlie  chloride 
of  manKnm-se  is  disKolved,  while  the  metiilUc  cobalt,  in  s 
state  of  line  division,  reniiiiiis  in.soluble.  The  chloride  of 
manganese  is,  however,  not  completely  dissolved :  bivwa 
flocks  of  it  appear  in  the  liquid,  and  incren.se  in  quantity 
when  it  is  long  exposed  to  the  utmnsphen-.  But  these 
floeLs  dissolve  upon  the  addition  of  a  few  drops  of  muriatic 
acid.  As  they  remain  suspended  in  the  liquid  ton<a'r  than 
the  metallic  cobalt,  Ihey  can  be  poured  iWm  the  latter 
with  the  solution  of  chloride  of  maiisrancsc.  The  operator 
now  treats  the  cobalt  with  wuler,  made  weakly  acid  by 
the  addition  of  a  few  drops  ofdilutedoiuriuticacid.    This 
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liquid  dissolves  coniplctuLy  tbc  rt-maiDin«;  traces  of  mao- 
fcancse,  white  it  does  not  attack  the  cobaJt.  It  is  proper  to 
dtfant  it  wry  soon,  bowovor,  and  to  wash  Üie  cobalt 
i^pun  with  pure  water.  It  can  be  Altered  oa  a  weighed 
tiller,  quickly  dried  by  exposure  to  a  moderut«  heal,  and 
tbri)  wi-i^hrri.  Iflbe  oprrnlor  dr.sin:»  to  n:a<rli  llic  utniust 
decree  of  accuracy,  he  may  redissolvc  the  cobalt  in  nitric 
acid,  aud  precipitate  tin*  solution  by  cauntic  potuub;  be 
»ill  iheu  have  to  irt-at  the  oxide  of  ct^alt  in  the  luaiiner 
which  has  already  been  described.  —  From  the  solution  of 
chloride  ofmangancw,  sepHmted  id  the  above  process,  llio 
protoxide  of  manganese  is  prcripitiiliMJ  by  carbuuute  uf 
potash,  accordini;  to  lite  instmetionä  which  have  been 
given  at  pa){C  412. 

SejhtrntWH  from  Afumliia. — Tlie  oxide  of  cobalt  is  sepa- 
rated from  aluiuiiiii  by  caustic  potash.  The  oxide  »f 
cobalt  is  precipitated,  while  the  aliimiaa  ri'tuains  in  so- 
lation. 

•S^Kiration  from  Mngacsta. — From  majEneüJa,  the  oxide 
uf  cobalt  is  best  separated  by  th«  process  which  follows: 
The  operator  adds  to  the  solution  \if  both,  so  much  sal 
ammoniac,  that  upon  the  addition  of  ammonia,  nritlirr 
maf^esia  nor  oxide  uf  cobalt  precipitates.  Il'lhe  solution 
16  acid,  the  addition  of  sal  amnioDiac  is  unnecessary.  Uc 
then  adds  bibjdrosulphnret  ttl'  ammonia;  the  uulphiiret  uf 
cobalt  hrniby  precipitated  is  litter<-d  and  washed  with 
water,  lii  u-bich  a  Utile  bihydrosulphuret  of  ammonia  \\a.a 
been  added.  In  order  to  determine  the  qiiautity  uf  cobalt 
roniained  in  the  sulphuret,  it  is  tn'ated  in  the  manner 
which  has  been  described  above.— Previous  to  eftectinjf 
tbe  quuDtilntive  determination  of  tlie  ma^niesia,  tlie  excess 
of  bili\drosolphiin>t  of  ammonia  exi.<ttin<;  in  the  sotutinn 
tillered  from  tiie  sulphuret  of  cobalt,  must  be  destroyed  by 
an  acid. 

Srparation  from  Lim»'. — Tbcoxide  of  cobalt  is  Äcparated 
from  lime  by  oxalaiu  of  ummouia.  The  solution  of  both 
Kttbütances  is  mixed  with  so  mach  xa]  ammoniac,  that 
upon  the  addition  of  an  cxccks  of  cauMlic  ummouia  no 
oxide  of  cobalt  precipitates.  When  tlir  solution  is  acid, 
ÜIC  addition  of  sal  uiimioniac  is  unnecessary.    The  Unic  id 
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tlioD  predpititted  by  oxalate  uf  ummonia,  and  tiie  oxide  of 
cobalt  itt  pr(->dpilatvd  from  the  aultilion  lilLi^rcd  from  the 
osalate  of  lime,  accorditi),'  to  (be  procpHS  »hJch  faa^  been 
described  above.    But  it  is.  in  this  case,  necessary  to  filtrr 
theoxalatr  of  limcvcry-quickly,  and  to  protect  tho  soiiitton, 
durine:  the  operation,  ax  much  as  possible  from  the  contact 
of  atmospheric  air,  in  order  that  the  oxtde  i>r  cobalt  con- 
tained ill  the  ummoniacul  liquid  may  not  become  more 
biglil y  oxidiHcd.  As  the  oxatuie  of  cobalt  can  only  be  held 
in  solution  by  a  great  quantity  of  ammonia,  this  mctbod 
of  separating  lime  and  oxide  of  coiuUt,  though  frencralljr 
followed,  in  not  to  be  recommended.     A  better  resnlt  is 
obtained  in  tbe  followin<;  manner:  The  ammouiacut  solu- 
tion of  both  substances  in  mixed  with  bibydrosulphuret  of 
ammonia,  by  which  means  the  cobalt  is  precipitated  in  the 
state  of  sulphiirct  of  cobalt.     This  precipitate  most  be 
quickly  filtered,  care  being  taken  to  binder  the  accrssa  of 
.  atmospheric  air  durinp  the  altering;.    The  object  of  this  is 
I  to  prevent  the  Ibrmatioii  of  carbonate  of  lime,  and  the 
|AOQ8ec|uent  eontamination  of  the  stdpliun>t  of  cobalt-    The 
[solution,  filtered  from  the  suljihuret  of  cobalt,  in  first  treated 
ritb  muriatic  acid,  for  the  purpose  of  decomposing  the 
of  bihydroäulp  buret  of  ammonia;  the  operator  can 
precipitate  the  lime.    In  perfonninjB.  this  process,  it  is 
proi>er  to  allow  the  sidphuretof  colialt  full  lime  to  subside 
[fo  a  dask  u'hich  can  be  corked;  tlie  .solution  containini; 
tllie  lime  then  nms  quickly  thnm^h  the  filler,  before  aay 
Lj^ortion  of  carltonutr  of  lime  ha.s  time  to  form,  in  cnnsc- 
Iqiience  of  the  acccs»  of  atmospheric  air. 

Sfparathn  from  iitront'mn. — ^The  oxide  of  cobalt  is  sepR- 
JTaled  from  slnrnttan  by  the  same  prtiU'SK  timt  Jk  employed 
to  separate  it  from  lime.     The  separation  could  also  Ih> 
[effected  by  sulphuric  acid. 

Srparatloa  from  Bari/ies. — From  barytes,  the  oxide  of 
[cobalt  can  b«  sepuratc<i  by  sulphuric  acid.  From  tic 
[•oinlion,  filtered  from  the  sulphate  of  barj'tes,  the  oxide  oi 
[cobalt  i*  precipitated  by  caustic  potash. 

Separation  from  thr  Fixed  AlfaHes. — The  nxidr  of  cobalt 
id  separalnl  fnmi  tKe  fixed  al(:alir.s,  by  adding  to  thr 
neutral  or  ammoniacal  solution,  bihydrosulphuret  of  am- 


mooia»  »hich  precipitate»  uulphuret  uf  cubiilt.  In  the 
solotion,  whicb  is  tillered  from  tUis  precipitate,  nn  acJd  is 
poured  to  ()ecom|Kx<u>  ll)<>  exc&'U'  of  bihydrusulphurrl  of 
itmmnnia.  The  (|uaiitit  v  ol'  ihi'  it]i:alii-s  is  Ilien  dctcnnined 
in  tlir  iiuiatirr  wbicli  has  been  already  cxplaluod. 


XVII.    NICKEL. 

PrteijntatioH  as  Osute  of  Nickel,  Inf  Caustic  Pottuh. — 
The  oxide  o(  nickel,  like  the  oxide  of  coball,  in  best  prfci- 
pitaled  Cmm  its  solutions  by  caustic  potasti.  ll  fomia  an 
upplc  gnreii  voliiminoüä  precipilale,  and  the  prccipitalioti 
i«  so  cumpleto,  that,  when  tlic  operation  has  been  pcr- 
funncd  Kith  prnper  care,  and  pariiciitarly  -fthrn  the  whole 
ha.s  hern  btiiletl,  it  is  impossible  to  detect,  by  reagents,  the 
least  trace  ofoxidi-  ul' nickel  in  the  tillered  »ulutiou.  The 
precipitate  cnu  be  uaslied  clean  v,-hh  dilhcultv ;  on  which 
uceount,  iiot  water  must  be  used  lor  the  purpose.  Attcr 
being  washed,  it  in  dried,  ignited,  and  weighed.  The  igni- 
lioD  ri'iideni  it  black.  It  then  consist«  of  pure  oxide, 
which,  on  being  repeatedly  heated  and  cooled,  suU'ers  no 
chuD^CC  ofweii^bt.  It  is,  therefore,  unnree.s»firy*  to  redum 
the  i^nitcil  oxide  of  nickel  by  hjdi-O'^en  g».s.  The  cMtima- 
tioa  of  oxide  of  nickel  Imi  conseiiutnlly,  siiupler  tlnin  the 
estimation  of  oxide  of  cobidt.— The  preeipitation  of  oxide 
of  nickel  must  always  be  effeeled  by  enustle  potimli,  since 
its  preeipiliition  by  carbonate  of  putai^h  is  by  I'lir  \vnn  i-<an- 
pletc. — Cauütic  puta.sb  completely  precipitate»  oxide  of 
uirkri,  nut  «irdy  fniin  snluUou»  which  cuutaiu  muriate  uf 
iimmoui»  or  other  auiuioniacid  »alts,  and  that  even  in  llie 
cold,  but  also  from  solutions  wbidi  contain  free  animoniu. 
By  this  belia\iour  towards  caustic  ]K>tash,  osido  of  nickel 
is  .strikingly  dislin!;ui.'ihe<l  from  ovide  ol't-obidl. 

Precipitation  a*  iiiulphnret  of  A'icA^/.— Precipitation  from 
neutral  or  ammoniaeal  solutions,  by  bihydrtisulphurel  of 
uinnniniu,  does  not  succeed  so  well  with  oxide  of  nickel  as 
with  oxide  of  cobalt.  The  reuMvn  of  this  is.  tliat  nulphuret 
of  nickel  is  somewhat  soluble  in  bihydrosniphuret  of  am- 
monia, with  which  it  forms  a  brown  solution.  This  solu- 
tion, in  n  c^jncentratcd  .state,  is  ]>«rfectly  opaque.     IJ|mhi 


placed  fnr  some  time  \vh<;Fc  i1  i^  e\|M)scd  lofl 
beat.  Tlic  excess  of  bihy<Injsu]i)Iuiret  of  an 
slowly  do-strojfd  by  the  oxjgi'ii  »ml  carbonic  a 
atmosphere,  nhile  the  precipitated  sulplitiret 
rcniJiiiis  tiniixidiscd.  W'ltnn  Ihr  siipcniatunt  flu 
longiT  u  bruwriisU  colour,  it  is  liltc-rc-d,  aud  the 
of  nickel  is  quickly  washed  with  wat«r,  to  vrhi 
small  quuntity  or  biliyilrosulphuret  of  jimmoail 
added.  'When  proper  precaution  in  taken,  (be  | 
so  romplctrly  successful,  that  the  .solution  fillcni 
sulphurct  of  nif'kri  is  found  to  be  wholly  Tree  fit 
The  £ulphuret  oi'  nickel  is  then  di$;ested  with 
in  riitrir  acid  or  nqiia  re^ii,  until  the  sulphur 
separated  axMumes  a  yellow  odour.  Tlic  sotnl 
tered ;  the  sulphur,  Ibnuing  (be  in.soluhlp  renn 
washed  ;  iind  tlir  oxide  of  nickel,  in  the  soluHon 
pituted  by  cuu^iic  potash.  Tbc  weight  uf  ibe 
nkkel  must  now  be  (letermined.  liutend  of  a 
or  aqua  re^ria,  one  mu.st  nut  employ  muriatic  ac 
operation,  because  the  latter  is  incapable  of  Dill 
posing  the  sulphurct  of  nickel. — It  is  impasftible, 
impossible,  lo  succeed  in  completely  deatroyinz  d 
of  biliydrosulphuret  of  aniuionia  eiUKtiDg  in  a  S 
oxide  of  nickel,  bv  the  addidon  i^  a  wnak^  o^^J, 
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celebrated  cberaUts  have  recommended  methods  of  se]>a- 
ratifrii  mora  w  \va»  adequate  (o  the  purpose.  The  qoejilion 
here  is  not.  how  can  one  obtain  oxide  of  nickel  free  Iroin 
oxide  of  cübiül,  without  paying  attention  to  the  quantity 
oTiht  oxide  of  nickel  ?  The  qncation  is,~in  what  manner 
ran  the  quantitative  »epiiration  of  hntli  oxiclen  heelferted? 
The  liest  method  i.-<  ihnt  of  Piiii.fji>s,  which  in  employed 
by  Brrxkijch  (SciiWRiGCBn'»  Jahrbuch,  T.  xxxii. 
p.  171).  UutI)  o\idc.s  iirc  disi^olved  in  au  ucid,  and  Ihn 
aolulioD  is  »apcrüaturutod  with  ammonia.  If  a  portion  of 
oxide  of  cobalt  precipitate,  there  i»  not  a  Kufficient  quan- 
tity of  itmmuniacal  salt  in  the  solution.  Mtjrt.'  acid  muHt 
be  added,  himI  thi-n  must  be  again  suporsaluraleil  nitJi 
ammoniii.  Or,  asuOicient  quantity  of  muriate  ofanunoniu 
may  be  added  at  onci',  and  llic  Rolulion  be  then  siipcnui- 
luratcd  with  ammonia,  upon  which  no  precipitato  will  Iw 
formed.  The  solution  now  a.ssnmeit  a  sky  blue  colour, 
even  when  the  quantity  of  oxide  of  rolialt  i.t  greater  thnu 
ihut  of  «>\ide  of  nickel.  It  is  tliluied  »ith  muc:b  water. 
The  KTfatcr  the  quantity  ofo\ide  of  cobalt  in  the  »olmicin, 
the  muTV  water  muril  be  added  to  it.  The  water  muitt 
previously  be  boiled  for  some  time,  to  free  it  from  atmo- 
.fpherir  air.  The  diluted  «ohilion,  while  still  hot,  is 
poun-d  ii.to  a  gla^i)  which  can  be  corked.  Cauittic  potaxh 
i.1  then  added,  and  the  vessel  is  closed.  Oxide  of  nickel 
alone  is  preripiiated  from  the  nmmoniacal  solution  bv  t)iR 
caustic  potash;  the  oxide  of  cobalt  rL'ninin»  in  solution. 
If.  after  the  addition  of  the  catistic  potash,  and  the  suli- 
fiidiu',;  of  the  precipitate,  the  solution  has  comidetely  lost 
its  blue  colour,  and  appears  bri|i:ht  or  deep  reil,  in  coiiKtv 
qiience  of  holding  oxide  of  cobalt  in  solution,  it  may  be 
presuiiie<l  that  llie  caustic  putasb  has  bei*n  added  in  suf- 
licient  qanntity.  >Vben  the  oxide  of  nickel  has  fully 
deposited  itself,  the  supernatant  liquid  is  poured  thninf^h 
a  tiller,  and  the  oxide  of  nickel  is  nilemardsbrdnv'ht  upon 
the  tiller,  and  washed  with  hot  water.  The  reason  why  it 
ie  necessary  to  dilute  the  solution  of  tlie  two  nxidcs  with 
water  freed  from  air,  is,  that  oxide  of  cobalt  in  an  ammo- 
niacal  solution,  i.4  very  e^j^ily  ronvertetl  into  peroxide  of 
cobalt,  which,  precipitating  as  a  black  powder,  would 
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conlamiaate  die  oxide  of  nickel.  Tlie  mure  dilute  (be 
solution  is,  the  lefts  eaxily  d(K>s  tlie  oxide  of  cobalt  become 
more  highly  oxidised.  Tho  quantity  of  caustic  poloxh 
required  in  (li is  case  to  preoipitnte  the  oxide  of  nickel,  i» 
very  eonsiderable.  when  the  solution  contains  a.  very  laree 
quantify  of  ammonia,  (lu  this  account,  when  no  precipi- 
tate appears  on  the  lirst  addition  of  caustic  pota-sh  i»  ihc 
ammoniacal  soluiioti,  (he  operator  lunst  add  fresh  qaanli- 
tics  of  the  precipitant,  and  not  loo  readily  take  up  the 
«piiiiiin  that  no  fixide  of  nickel  is  pn»xiiL — lllü  liest 
method  of  separating  the  oxide  of  cobalt  from  the  solution 
tillered  from  the  oxide  of  nickel,  in  to  precipitate  it  by 
bihydrcuulphuret  of  ammonia,  and  to  treat  the  sulphuret 
of  cobalt  io  the  manner  vrbich  has  been  described  at 
page  85. 

Separation  from  Oxide  of  Zinc. — The  Separation  of  oxtilc 
of  nickel  from  nxide  of  zinc  can  be  ell'ected  only  by  the 
process  employed  to  separate  oxide  of  cobalt  from  oxide 
of  zinc.  U  ift,  therelore,  mticli  easier  to  separate  oxide  of 
nickel  from  oxide  of  cobalt,  than  to  .separate  it  from  oxide 
of  Kinc.  If,  with  a  view  to  separate  the  two  oxides.« 
solution  of  caustic  potash  be  added  to  disjolre  the  oxide 
of  »ine,  tlie  separation  eanuot  then  be  completely  eflecled; 
because  the  greatest  excels  of  caustic  potash  is  incapable 
of  dis.solving  the  whole  of  the  oxide  of /Jnc,  even  wheo  the 
mixture  is  bnihil,  It  \»,  indeed,  tnie,  that  oxidu  of  sine 
dissokcs  in  caustic  j>ota.sh,  but  in  this  case,  a  \ery  coosi- 
derablo  proportion  fulls  dowa  M'ith  Ihc  oxide  of  nickel. 
The  saiui-'  ihinji  l;ikes  place  when  both  oxides  have  been 
dissolved  in  aninioiiia :  upon  the  addition  of  a  solution  of 
caustic  potash,  oxide,  of  üinr  is  dissolved,  but  the  precipi- 
tated oxide  of  nickel  is  very  xincifcrous. — Tbv  aunly«t  \s 
obliged,  therefore,  to  convert  the  oxides  into  chlorides,  and 
to  separate  the  chloride  of  /.iiic  from  the  chloride  of  nicLvl 
by  volalili/alioti.  The  method  of  proceeding  is  precisely 
the  same  as  in  tlie  separation  of  chloride  of  zinc  from 
chloride  of  manpiauese,  or  chloride  of  cobalt.  Tbe  uiimi- 
pulatioD  bus  been  described  at  pages  7(>  and  tS(>. — If  tJie 
compound  to  be  examined  contains  nickel  and  zinc  in  tlie 
metallic  stale,  as,  for  example,  Is  the  cast)  wilb  several 
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metaJlic  alloys  which  have  of  lute  been  employed  as  sub- 
stJluies  for  silver,  then  lliu  Kinc  camiot  be  separated  from 
Dickel  and  other  metals,  by  e'tposing  the  alloy  to  the 
direct  action  of  heat  «nd  dry  cliloriiu-  gas.  The  conversion 
of  the  metuls  into  rhluridvu  is,  iiidcrd,  very  easily  effected, 
and  the  combination  of  the  mclaU  with  (he  chlorine  is  at- 
tended by  incandpsc^nce,  II  is  itnposKibU',  huwuver,  to 
üeparate  accurately,  by  volatilization,  the  water-free  chlo- 
ride of  zinc  from  the  chlorides  which  accompany  it.  It 
appears,  that*  the  chhtridr  of  KJnc  must  contain  ^vatrr.  to 
render  it  caisily  ^Hiparable,  by  distUlntion,  from  other  chlo- 
ridt>s. — A  metattic  compound  of  zinc  and  nickel  roust, 
ronst^quently,  be  aiiiily.scil  in  a  dilTi'Tent  manner.  The 
operator  dissolves  it  in  nitric  acid,  aiid  preripiiatc«  tlie 
oxides  from  the  boiiin;;  solution  by  carlionatc  of  potaxh. 
Uc  converts  (he  precipitated  carbonates  into  chluridi-x, 
and  distils  the  chloride  of  zinc  from  the  chloride  of  nickel. 
• — If  other  metals  arc  contained  in  the  cotnpuiind,  they 
must  be  separated  In  a  diflerenl  manner.  Should  ('0]>pcT 
be  present,  it  must  be  M-purali-d  by  a  process  which  will 
be  described  farther  on,  under  the  article  Ci>ppur. — The 
opcrulor  niuj«t  continually  beiir  in  mind,  when  enifaKed 
in  these  pn>ce.ssc»i,  that  oxide  of  nickel  is  not  completely 
precipitateil  by  carbonate  of  potash. 

SepartitioH  Jhrm  the.  Oxides  of  Iron.—  PcroKidc  of  iron  can 
Im'  äeparnti-d  fnim  oxide  of  nickel,  in  (he  winie  mnnner  us 
fn>m  oxide  of  cobalt.  To  the  Solution  of  both  subätances, 
a  Huflicienl  quantity  of  muriate  of  ammonia,  or  of  other 
anunoiiiacid  salts,  is  added,  and  the  peroxide  of  iron  im 
precipilatcti  by  ammonia.  The  precipitate  is  quickly 
ititrrcd  und  washe<).  The  oxiile  of  nickel  is  prrcipilated 
from  the  filtered  solution  by  caustic  potash.  By  folhiwing 
this  pruces-s  a  lietter  ir-sull  is  obliiiiicd  than  by  precipi- 
tntinj;  llie  peroxide  of  iron  by  an  atculine  suctrinatu.  When 
the  solution  is  fxtremcly  acid,  the  addition  of  muriate  of 
ammouia  is,  of  course,  iinnwcssary. — If  protoxide  of  iron 
IK  (0  be  separated  from  oxide  of  nickel,  the  process  com- 
raettccs  with  the  conversion  of  the  protoxide  of  iron  into 
peroxide.  The  uperator  then  proceed-s  as  is  described 
above. 


insoluble  inuililulcd  »rid  siilutiua.  Tlic  oxides  afi 
cobalt,  zinc,  irnn,  mid  nmu<:Hnrtic  urn  nnt  |im-iptlaldfe| 
sulphiiretU'd  hydrotfon  iian  I'wm  »cid  solutiuns,  n«t< 
ul)<*ii  ÜIO  Huluiioiis  arc  diluted.  Whrn  it  i»  nxiilrrfl 
»hirli  is  to  be  separated,  by  this  proceKs,  frum 
cadniiiini.  more  acid  luust  be  added  to  iht?  xolutimi 
ia  mrcr-ssary  when  tlic  oxides  of  nickel,  colmit,  inn,) 
nuLDgnncsc  arc  to  b«  separated. — The  solutiou  <f< 
oarths  and  alcalies  1>ein|;  incapable  of  prociptlidion  bfl 
phiirt-lted  hydropen  ga.s,  lluise  substances  cuu  Iwi 
va<(ily  Krpuritli^d  fruiii  oxide  of  ciidmiam. 

The  sulphuri't  of  radmiiim  produced  in  thvsc  of 
has  a  diU'crent  colour,  accordinj;  as  the  solutitm  Iruiii 
it  ha»i  been  prcoipitaled  u-as  more  or  less  dtltit«L  1^ 
sometimes  oranse,  sometimes  yellow.  It  ran  be 
«n  a  \vn;L')i(-d  filler,  and  wa-shed  with  pnre  \vat(fr.  Ill 
afterwards  be  carefully  dried,  by  tli<^  »pplicutioD  rfi 
«xlremely  gentle  degree  of  heat,  uiiiil,  after 
wei^'hings,  it  Iokü»  no  more  in  tvelKht.  From  the ' 
of  the  sulphuret,  the  quantity  of  ihe  uxide  or  cntttLi 
cording  as  the  one  or  the  other  was  ci»iitnined  iai 
liubstaiice  examined,  is  learnt  by  calculation. — TtKi 
tor  should  always  convinre  himsrlf,  in  a  procnndfJ 
iiatnre,  that  the  preftpitated  siilphnrct  of  cadmioiBt 
Tains  no  admixture  of  free  sulphur,  as  that  would  in 
the  apparent  «ei^'ht  of  thu  sidphuret  of  cadmii 
render  the  analysis  inexact.  The  deposition  of. 
cau  take  place,  when,  siil>äe<iuent  to  precipitation  i 
phuretted  hydrogen  s*^s,  the  solution  remains  very] 
contact  with  atmospheric  air;  under  such  cjrci 
ttic  sulpliurelled  hydrogen,dix.si)lvfd  in  the  water,) 
sulphur.  But  the  admixture  of  sulphur  is  also 
when  the  acid  solution,  from  which  sutphuret  of  i 
in  to  be  prücipitatcil,  contaiOH  peroxide  of  iron.  85^ 
action  of  tiulphurctlcd  hydroj^en  gas,  (lie  pcroxidt-o'i 
is  reduced  to  protoxide;  the  latter  rt>mniiw  in 
but  a  quantity  of  sulphur  is  separated,  and  tier 
fulls  down  with  the  sulphiirct  »f  tiadniiiim.  Ii  in  is 
qucDtly  always  more  a<lvisablo  to  rcdis^nlvc  the  pre 
laied  stilphuret  of  cadmium,  and  to  precipitate  tkri» 
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lime  OS  follows:  Tlie  diluted  solution  uf  liotli  substances 
in  rendered  iimmoitiarnl,  and  tbe  limu  is  pu-x-ipituted  by 
oxalate  of  ammonia.  Tbe  oxalate  of  lime  is  quickly 
lillcred,  and  llie  oxide  of  nickel  ix  precipitated  (rttm  llie 
tillered  solution  by  rausfic  potitsh. 

Se/tarat'ioK  from  SlrontUi«  ami  Jiittytts.— From  strontian 
and  biir>'tvs,  oxide  ol'  nickel  is  separated  by  sulphuric 
acid,  by  ubicli  tbe  two  I'ormer  lire  precipitated.  Tbco\ide 
of  uickelis  precipitated  from  the  filtered  soluiiun  by  caustic 
potash. 

Srparat'wtt  from  Fixed  Aicalifs. — Oxide  of  nickel  i»  se]>ii-> 
rated  from  the  ttxrd  iilralirs  in  the  same  mtnuit^r  zis  fnim 
mjigncfiia ;  Ihut  is  tu  »ny,  it  is  precipitated,  wilh  pruper 
precaution,  by  bibydrosujphurct  of  lunmonia,  in  the  state 
of  »ulphuret  of  nickel. 

XVIII.    CADMirM. 

PrtvipUatifm  fry  Carbonate  of  Vota  ah. — Oxide  »fradtutuiil 
is  bbst  precipitated  from  lis  solutions  by  carUunalc  of 
potash.  Tlie  precipitate,  which  has  a  white  colour,  is 
dried  and  ifpiited.  During  the  ignition,  cnrbonic  acid  and 
water  are  expelled,  and  oxide  of  cadmium  renmins  behind, 
in  tbe  state  of  a  brown  powder.  As  Ibis  oxide  can  Ij« 
reduced  by  charcoul,  and  is  then  easily  volatili/ed,  it  is 
necessary  to  separate  th«  precipitate  as  completely  aa 
posiible  from  the  filter,  and  to  bum  the  filter  to  ashes  by 
itself.  -Carhonate  of  ammonia  precipitates  oxide  uf  cad- 
minm  less  completely  titan  carbonate  of  potash. 

St^paration  front  all  the  Metallic  Osidtt  hilhertii  treat fd  of. 
— Oxide  of  cadmium  may  be  separated  from  all  tbe  oxides 

Itch  have  been  hitherto  treated  of,  by  the  process  which  Ibl- 
1<Mrs:  'Hie  solution  is  acidulated  with  an  acid,for example, 
with  muriatic  acid,  and  is  diluted  with  a  laqie  quantity  of 
water.  It  is  then  exposed  to  the  action  of  a  slow  current 
of  sulpburette<l  hydrogen  gas,  wbicb  is  allowed  to  pass 
into  it  continually,  until  the  twlution  is  so  fully  satumtcd, 
that  it  has  a  strong  smell  of  sulphuretted  hydrogen,  even 
when  the  ^as  tw  longer  passes  through  it.  Tlie  precipitate 
formed  in  this  jirocess  is  sul|tburet  of  cadmium,  which  is 
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insoliililc  in  ii  diluted  ncitl  solutioo.  The  oxides  of  nirkel. 
COball, /.iiii:,  intn,  anil  miLn^iitiCHc  Hn;  not  |inf'ii>itatf(l  iiy 
sulpburcttcd  bydrog:cn  gas  I'rom  acid  sotntions,  not  even 
nhi'ii  till*  KoliitioiiK  arr  diluted.  When  it  is  oxide  of  nno 
«vliidi  IK  to  be  <<u|)iiratt;d,  by  tbiü  |>rtM:L'ss,  fruiu  oxide  of 
cadiniiim,  more  Hcid  niuHt  be  added  to  the  solution  ituiii 
is  nece.s8iiry  tvht-n  the  oxidcfi  of  nickel,  roball,  iron,  and 
iQan;i:oiifse  are  to  be  separated. — Tbc  solutions  of  the 
cartlid  and  alculic«  being  iucnpable  of  precipitation  by  sul- 
phuretted bydro;^!)  gas,  those  substnnces  cnn  be  thereby 
easily  separated  from  oxide  of  cadmium. 

The  .siilpluiret  of  cadmium  pnHluc:iil  in  the^e  oiHTuliciii.f 
liius  it  dillerent  colour,  uccurdln^  an  the  .solution  from  whicli 
it  has  been  precipitated  was  more  or  1cj>s  diluted.  It  is 
sometimeH  oniti^'e,  swmetiinos  yellow.  It  can  be  filtered 
on  a  weighed  lilter,  and  washed  with  pure  water.  It  mvsi 
aflerwurds  be  carefully  dried,  by  the  application  of  an 
r"4treinrly  genthi  drp-irL-  of  heat,  until,  ufU-r  rep«'-atcil 
ueiRhinps,  it  loses  no  more  in  weight.  From  the  nvi^lit 
of  the  sulpliuret,  the  quantity  of  the  oxide  or  metal,  at- 
cordiuji  as  tbe  one  or  (lie  other  was  contained  in  tbp 
substance  e\ainiufJ,  i»  luarut  bj  calculation. — The  opera- 
tor «liould  always  convince  himself,  in  a  proeesa  of  tJiis 
nature,  that  the  precipitated  sidphuret  of  c iidmium  (xin- 
tains  no  adntixture  of  free  sulphur,  as  that  would  increaüe 
the  apparent  wei^^it  of  the  siilphuret  of  cadmiam,  and 
render  the  aaaly.<ii.s  inexact.  The  deposilion  of  sulphur 
can  take  place,  when,  »ubseiiuent  to  precipituliitn  by  xul- 
pliiirelted  hydro^n  ?as,  the  solution  remains  very  lunfEin 
contact  with  atmospheric  air;  under  such  circiuaataoces, 
the  sulphuretted  hydrogen,  dissolved  in  the  water,  deposits 
sulphur.  But  the  admixture  of  .sulphur  is  also  produced, 
ivhi^n  the  acid  .solution,  from  which  sulpburet  of  cadnüma 
is  to  be  precipitated,  contains  peroxide  of  iroa.  By  the 
action  of  sulphuretted  hydrogen  teas,  the  peroxide  of  iron 
is  reduced  to  protoxide;  the  latter  remains  in  solution, 
but  a  quantity  of  »lulphtir  in  separated,  and  iiece».>iarily 
falls  down  with  the  hul|ihiure(  of  cadmium.  It  is  conse- 
quently always  more  advisable  to  redissolve  the  precipi- 
tated sulphuret  of  cadmium,  and  to  precipitate  the  oxide 
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lip  nKlmiiim  hv  n  Niiliitiim  of  rartHiDAtA  (if  y>ntft<t'h.  'Hiä 
siil[)Iiiirp1  of  ratliniiim  im  U\Vvn  willi  the  ftller.  still  wet 
(VoRi  titr  runnel.  It  i.s  plnced  in  a  glass  with  concentrated 
niiiriatic  acid,  and  is  left  to  diccst.  with  the  nssistanrc  of 
a  ^'«'ntlc  heat,  until  the  sinoU  of  sulpburcticd  b^drot^^n  is 
no  lun<^'r  perceptible.  Tbc  solution  is  tlicn  tillered,  and 
the  oxide  of  radmiiim  is  pn-cipitated. 

\\'h(ni  ii\idf  i»f  lüiilniium  has  hi*en  .separated  in  ttiiH 
niitiuier  from  other  fiiibstanres.  the  solution  filtered  from 
the  sulphuret  of  cadmium  must  be  exposed  to  a  very 
mmlerulo  heat,  until  it  reuses  to  smell  of  «nlphuretted 
hj'dropen.  The  other  suhstances  are  then  lo  be  prc-eipi- 
latcd.  If  pcnixide  of  iron  was  present  in  the  sohitioii.  It 
will  have  been  converted,  as  huü  been  explained  ahf>Te, 
into  protoxide  of  iron.  It  is  necessary  to  rerx>nvert  llio 
protoxide  of  iron,  by  means  of  nitnc  acid,  into  peroxide. 
*' Precipitation  by  Bihyilrofatlphurrt  of  Ammonia. — Oxide 
of  cadmium  can  also  he  mnipletely  precipitated  fnini 
neutral  or  amnioniacnl  solutions,  by  bihydrosiilphuret  of 
ammonia.  Et  i»  then  necessary,  however,  to  treat  the 
precipitate  n'ith  muriatic  acid,  nnd  (»  rcprecipitate  the 
oxide  of  cadmium  by  earbauatu  ofpoluäh. 
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PrmpiMirm  fiy  Oxalate  of  Anttnoah.  —  Pnrtoxide  of 
lead  ii4  bcMt  precipitated  from  Its  soliilions  by  oxalate  of 
ammonia.  In  this  case,  us  in  the  precipitation  of  lime, 
the  solutinn  must  bo  either  neulml  or  weakly  ammoniacal. 
Tlie  oxalate  of  lead  is  wujilied, !iud  dried;  il  is  afterwards 
isrnited  in  a  small,  open,  counterpoised  crucible  of  porce- 
lain. By  the  ignition,  the  oxalate  is  converted  into  titc 
protoxide.  This  is  ^veigfacd.  If  the  compound  examined 
<?ontaincd  lead  in  the  metallic  state,  the  quantity  is 
estimated  from  the  weight  of  the  pniloxidc^Tf  the  filter, 
upon  which  the  oxalate  of  lead  has  licen  filtered,  be  burnt 
with  the  precipitate,  as  it  generally  is  with  other  precipi- 
tates,  the  charcoal  of  the  paper  may  reduce  pari  of  the 
protoxide  of  lead  to  the  metallic  state.  Tbc  oxalate  of 
I«ad  must  therefore  be  removed  from  the  filter  with  as 
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not  become  folly  oxidised  c\-en  after   a   loag  di| 
When  the  action  of  the  nitric  acid  on  the  MlpttMil« 
loul  is  tit  an  end.  the  resulting  sulphate  uf  lend 
e\|>ONcd  t»  u  iDiMlcniU;  licul,  until  it    no  loD^rr 
any  acid  vapimrs.    It  is  then  igmitcd.    Tbc  orgfiuiki 
lumiuhed  by  the  Hller  is  Uiuk  di-stroyed,  and,  in 
(|tiena<  of  tin-  preüi-nco  of  atniospbt^ric  air,    hnnu  u^ 
without  causing  the  reduction  of  any  sulphate  oCj 
After  iEimition.   the  »iilphate  of    lead    is   wt^i^ed- 
»uljihurct  of  lead  ran  uLso  Ire  treattM]  with  concoB 
muriatic  acid,  which  discng:ages   sulphuretted  bj 
»»K.     \itrir  acid  is  then  added,  and    the  whole  is  < 
rated  to  dryness.    Th(*iiltpr  isthendiy  conipleu-ly  i 
The  diy  mass  is  tntusferred  lo  a  porrolain  cnicihk,! 
with  sulphuric  acid»  uud  healed  until    the  excess  i 
phuric  acid  is  driven  away.     The  resulting  mill 
lead  is  then  \vei<rhed.     It  is  not  advitialile  to  cstii 
chloride  of  lead,  obtained  from  the  sulpburet,  as  < 
It  «hould  always  be  convcrtc<l  into  siilphate.'--The| 
tion,  filtrrcHl  fmm  thr  sidphun-t  uf  hutd,  Is  lirst 
until  it  no  louder  auielii«  of  sulphuretted  hydro^rD. 
operator  tJien  pnicceds  to  estimate    tho  rcmainii;i 
stances.      If  peroxide  of  iron  \\&a  cuinbiiied  *i(k 
protoxide  of  lend,  it  will  hare  been  rcdueetl,  by  tbei 
of  the  Kulphurettcd  hydntgen  gu«,  to  protoxide  •(■ 
The  solution  nitist  therefore  he  treated  with  njiri^j 
to  reeiinvprt  the  protoxide  into  peroxide.     Tili» 
of  .separating;  protoxide  of  lead  from  äiitxstancc^ ' 
sulphuretted  hydrofien  gas  is  incapable  of  prectf 
from  acid  solutions,  is  preferable  tti  cvt*ry  other 
of  .sepuratiuii.     It  iit  a  iKrtler  method,  for  «xamplr.  < 
that  in  which  the  proloxidr  of  lead  is  pref-ipitatc(I.Iit< 
phuric  acid,  from  oxides,  with  which  sulplmric  acid  I 
salts  which  are  stduhle. — l^ie  oxides,  from  wbidll 
oxide  of  lead  can  be  .separated  by  oiilphurcttcd  hiJ 
^as,  arc  the  oxides  of  nickel,  rohall,  änc,  iron,  anli 
t^anese,  and  the  earths  and  alcalies. 

Precipitation  by  Dikydrvtiulphtiret  nf  Ammtmw.- 
oxide  of  lead  can  he  completely  preeipiijttrd  froni 
or  aiQinoniaral  solutions  by  bihydrosulpbarct  of  aw 
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acid  soltitions  of  none  of  these  suliätanrcs  ntrord  u  preci- 
pitule  with  this  rcagpiit.    The  Ih-wi  mode  "1"  pmcedare  is 
to  lM*(;iii  \iith  aciijii luting  the  Nohilinn  of  the  (ixüI«>k,  it*  it 
be  neutral,  by  the  iiddiuoii  at'  nitric  ucUi.    Thi^  muHt  not 
bo  dtiae  witJi  miiriatir  arid,  since  thi.H  would  pnHltice  a 
precipitate,  if  the  fiolutton  of  lt;ad  M-ere  tiot  exceedingly 
dilute.    The  acid  solution  ia  diluted  with  water,  and  is 
Kubjeeted  to  the  action  of  a  slow  slreaiu  of  sulphureded 
hydm^en  gas,  until    the    li(piid   is  cniupletely  Hiittirnted 
with  tJK!  gns.     lei  the  beginning  of  the  prnces?,  when  only 
a  few  bubbU-M  of  the  pa»  bavc  paKst* d  tbniugh  the  Hnliilion* 
the  precipitate  often  appear»  to  have  a  reddish  bruwii 
eoloiir;   hut  wbi>u  a  mure  cünoidurabk'  qiianlity  of  .sul- 
phuretted  hydivK*)[>  g^^  'i^**  passeil  throußih  the  solution, 
the  prrcipitatc  becomes  perfectly  black.     This  is  particu- 
larly the  caiie  nhen  the  »ulution  eunlain.s  nniriittir  ncid,  oi 
when  ttiil phuretted  hydrogen  go»  is  cmptuycd  to  pri'^ripitatc 
a  solution  nf  rhiorlde  of  lead. — The  precipitated  sulphurct 
(»)'  Icud  could  he  tiitt>red  on  a  wei^hrd  tilter,  u-iL<;he(t  M'ith 
pure  watrr,  and  carefully  dried  by  a  ^  er)'  gentle  heat,  until, 
after  rc|ieiitrd  Hoif:hingä,  it  whs  found  to  lone  no  more  in 
weicht.     Thf  quantity  of  pn>tuxidc  of  lead,  conld  then 
l>c  detemiincd  from  the  weiyht  of  the  sulphuret  of  lead. 
When,  however,  free  sulphur  hfL-i  precipitated  uitb  the 
Nulphun:t  of  lead,  whidi,  t'or  example,  is  always  the  case 
when  the  s^ilutiou  cunlaiu.s  pi-roxide  of  irtin,  it  in  good  to 
couvvrt  the  .sulphuri'^t  of  lead  into  sulphnle  of  K-iid.    To 
thbeiidflbo  precipitate  is  pretty  well  dried,  and  i.-«  placed, 
with  the  tilter,  »hich  nitist  l>e  a^  smalt  as  possible,  in  a 
fflass  or  a  lurgL-  pinlinuui  capsule.     It  js  then  subjected 
tu  the  action  of  concentrated  fuming  nitric  acid.     This 
must  he  R<ldcd  in  very  small  qunntitics.  and  «ilh  very 
great  prtTaulion.     The  tiH»  äinhU-n,  or  too  nipid  addition 
of  tbc  acid,  would  cause  so  violent  an  action,  that  a  por- 
tion of  the  mnan  might  ht-  thmwn  out  of  the  VfSHcl,  and 
|o#t.     Th(>  alass  or  the  platinum  cap.<iuli'  must  he  care- 
tally  covered  with  a  glas»  plate.    The  sulphuret  of  loud 
w  hereby  completely  consertcd  into  Kttlphate  of  lead.     If 
the  operator  une»  nitric  acid   which  does  not  fume,  a 
separation  of  «alpliur  takes  place,  and  this  sulphur  does 
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which  no  oxcesfl  of  die  precipitant,  nor  even  of 
of  potash,  can  completely  dcrnnipOKC.  When  a 
cipiuite  is  dried  und  i^iiited,  rhionde  of  bismutli 
while  »xicir.  »1*  hinniiilh  rcmiiin^s  l>cliind,  stiti  n 
a  portion  of  cblondc.  In  analy^s,  Ui(Tef»re,  I 
<>\ide  ul'  binmiitli  dare  be  dissolved  in  nitric  1 
and  never  in  aqua  ri;gia.  ShouM  oxide  uf  bii 
to  be  estimated  in  a  .tolution  coutainin<c  initTi 
it  must  l>e  separnted  as  siilphuret  of  liisnu 
muriatic  acid  «olutioii  is  minified  with  cut 
and  hihrdrosiilplturct  of  aunnonia;  tfacreii] 
of  bismuth  precipitates.  The  prccipitntej 
washed,  is  t:iken  with  the  filter  sllll  moist  from 
and  submiltcd  to  the  aclion  of  nitrir.  acid.  Tbc 
of  bisHiatli  lA  tlius  dccoiaposed,  even  in  tho  ci 
however,  digested  in  a  moderate  heat,  until  the 
üulpliur  is  cuiiipletcly  yellow.  The  solution 
ujid  the  sulphur  in  washed  u'ith  water  which 
acidulated  by  nitric  acid.  The  oxide  of  biami 
prt^cipilatnl  by  carltimate  of  ainiiiouia. 

Separation  from  Prattneide  of  Lead, — Xo  sefM 
of  bismuth  from  prtitnxide  of  k'ud,  the  solutit 
substances  is  nii\ed  with  a»  exceiiä  of  sulpt 
is  tlien  evaporated,  until   the   excess    of 
Ix^liins  tu  volatilize.    Water  ia  then  added 
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The  rrsultin^  ftutpburet  uf  lead  must,  however,  lio  cun- 
vvrlcd  intu  sulphate  of  lead. 

S^pfirafioK  frmn  Oxide  of  t.'nämiuoi. — Proloxitic  of  load 
and  o\idi>  of  cadmiitm,  are  best  separated  bjr  ini:iin^  the 
Buhition  ol'  both  oxides  uith  sulphuric  acid,  cvaporatinj; 
the  .'K)lDHon  to  dryness,  and  heatin<;  the  remainder  until 
the  rxrcss  of  stilphiinr  arid  ha»  bcm  c\iH'lIcd.  The  dry 
mait»  Ü  tlicn  triruted  witii  water:  the  sulphate  of  cad- 
mium diasulves.  and  the  ftulphatc  of  lend  remains  behind. 
The  Koliition  is  filtered,  and  the  sulphate  uf  lead  is  washed 
with  water,  uf  which,  however,  hut  little  dare  he  used, 
xiuco  sulphate  of  lead  is  not  altogether  insoluble  therein. 
The  sulphate  of  lead  Ia  then  dried,  und  igiiited.  The  liltcr 
is  burnt  first,  on  the  rover  of  the  platinum  crucible.  From 
the  filtered  solutiou,  tlic  sulphate  of  cadraiom  i^  precipi- 
tated by  carbonate  of  potash.— The  result  allbrded  by  this 
method  ia  not  c\traonltiiiirily  nc^urate,  as  the  sulphate  nf 
L|nd  is  nut  (juite  insolubltt  tu  water.  No  other  method  of 
iruliun  \\A»t  however,  been  yet  discovered. 

XX.   BISMUTH. 

Preciyitat'ion  by  Carbonate  of  Ammonia. — The  best  prc- 
fipitiint  of  ovide  of  bisnuith  is  carbonute  of  »mmoniii, 
wliirh,  when  added  to  the  solution  in  excess,  preripiiincs 
the  oxide  ol'  bismiitli  ciiniplrtely.  It  \»  cjuite  immateTial 
whether  the  bisiiiulb  be  (outiiined  in  a  clear,  diluted,  ncid 
mdution,  or  in  a  solution  which  lias  l>een  rendered  milky 
by  dilution  with  water.  At  first,  the  carbonate  of  nm- 
monia  dissolves  a  larije  quantity  of  the  oxide  of  bisninlh; 
bul.  «hen  the  whole  hHs  remained  in  a  warm  place  fur 
»omn  bour.i,  the  whole  nf  the  oxide  of  bismuth  precipitates, 
or,  at  any  rate,  the  quanlily  which  remains  in  solution  is 
imponderable,  llic  precipitate  is  easily  washed  clean. 
Alter  bein^  dried,  it  is  i<;niled  in  a  porcelain  crucible.  It 
loses  its  white  colour  thereby,  and  becomes  yellow.  Un- 
less the  hnttof  the  spirit  lamp  lje  too  strong,  it  does  uol 
melt.  The  filter  is  Kcjianited  as  accurately  a»  possible 
from  the  precipitate,  and  burnt  to  ashes  by  itself.— Car- 
Ixmale  uf  potash  precipitates  oxide  »f  bismuth  us  cum- 
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pr^ipitatcil. — Wlieit,  however,  these  substance« 
precipitable  by  curbonate  of  ammonm,  as.  for 
la  tUc  ru-HCwilh  die  fixed  alralicM,  then  the  oxidri 
muth  may  be  ücjmmlet)  from  them  by  the  simple; 
of  carbonate  of  ammonia.     The  precipitation  by 
retted  hydrogen  gas  m  thas  avoided. 


XXI.    URAXRTM. 

J*rfcipiffition  fry  Oikä/ic  j4i»]iiioitia.— Peroxide  of  i 
ii  cuiiiplrtrly  precipitatiMl  from  its  solutions  by 
ammonia.    The  precipitate  is  ydl       ,  luid,  in  adAtef 
peroxide  of  uranium,  contains  ammonia  and  w»« 
must  not  he  «ashed  with  pur«  water,  otherwise  it| 
dually  passuH  t)irouf()i  the  liltcr,  anil  forms  a  jt 
milky  solution.    This  can  only  be  avoided  by  rdalc 
the  precipitate  with  a  dilute  solution  of  muriate  of  I 
monia;    yet.  even  thcu   the  passing    of  the 
through  the  filter  in  not  totally  hindered.      After ' 
wanhed,  the  precipitate  is  dried,  and    iifnited.    TVi^ 
tioit  causes  the  cxpnlsioti  of  water,  nmnionin.  and  i 
and  the  peroxide  of  iiraniuni  is  converted  into 
The  protoxide  is  wcisfhi'd,  and  the  quantity  of  per»! 
calculated. — If  the  solution  contain  protoxide  uf  l 
tbia  also  is  precipitated  by  caustic   ammoiii«.    It  I 
down    ill    hmwri.  or  somewhat    pur]>Ie-(-oloarrd 
which  are  hydrate  of  protoxide  of  uranium.     Duä^i 
drying:,  a  portion  <^' the  hydrate,  according;  to  .ARrti 
(PoaottNDDRPK's  Annnlen,  li.  i.  p.  355),  bccontt' 
dised,  and  arquires  a  yellow  colour.      If  it  has  bcNI 
cipitated  by  a  trreat  excess  of  ammonia,   or  if  it  I 
been  washed  with  warm  water,  the  whule  prL>r[{f>k| 
converted    by  the  drying    into  animoniacal    pcfoJifrj 
uraniam.    Upon  being-  ignited,  however,  it  is 
into  protoxide. 

If  a  solution,  from  which  peroxide  ofarunium  if  < 
precipitated,  eonlain  a  considcnible  quantity  of  onr* 
the  precipitate,  thrown  doiiiTi  liy  unmiouia.  not  ojfl 
tains  the  peroxide  of  uranium,  hut,    arrordioif  ■>' 
experiments  of  Abkv  kusoh,  much  of  the  canl 
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t»f  liiiuiiuüi,  in  tili;  filtcrrd  solution,  is  prt-ripilatrd  by  c»r- 
iMnule  uf  ammoniu. — The  result  afforded  by  this  nu>thod 
of  xir|mratin»:  bismiitli  nnd  lead,  is  not  piirticiiInTly  arm- 
rate,  since  the  sulphate  oC  lead  is  not  entirely  insoluble, 
cither  in  water  or  neid  solutions.  Sulpliiuic  acid,  bow- 
ei'er,  dissolves  less  of'  it  than  any  other  acid  does. — Since 
uxitic  ol'ljisujuth  is  perfectly  precipitated  by  carlKiUHle  of 
ammonia,  when  the  solution  is  mixed  with  an  cxccwt  of 
that  rciifiuni.  and  allowed  to  repose  for  some  time,  it  is  elcar 
that  carbonate  of  ammonia  cuii  effect  no  accurate  separa- 
tion of  bismath  from  lead.  Yet  this  is  a  prucesH  which 
Iius  been  reconimeiuled  (Annates  de  Ctilmie,  T.  xxxvi. 
p.  .311:;).  The  aiiiilyst  is  directed  to  di.s.s4>lve  the  oxide  of 
bismuth  in  iin  cxci-ss  ol'  carbonaU^  of  ammoniu,  and  to 
liltcr  it  from  Lbo  undissolved  carbonate  of  lead. 

Siptirntion  froia  Oxide  of  ('odmimn. — No  method  ol" 
scpnratini;  oKide  uf  bLsmuth  frxua  oxide  of  eadniiuin  Iras 
yet  been  made  ktiouii. 

SfjHirntivn  from  the  Oxldfn  of  Nichri,  Cobalt,  Zinc,  Irou, 
ami  MttiriftiHesr,  and  f rum  the  EurÜts  and  Alctdiex, —  Oxldo 
uf  bistuntJi  is  separated  by  sulphuretted  hydrogen  kbs 
from  all  other  oxides  whose  acid  solutions  give  no  pre- 
cipitate with  tli:it  reagent.  The  acid  solntion  of  oxide 
uf  bismuth  nui.<«l,  however,  be  diluted,  %vlien  sulpliurct  of 
bismuth  is  to  be  precipitated  by  sulphurcttetl  hydn^en 
fAH.  But  as  ^oliitions  of  o\ide  of  bismutJi  become  milky 
on  being  diluted  with  water,  it  is  necessary  to  coinnicncc 
by  adding  acetic  acid  to  the  solution,  'lliu  subsequent 
addition  it(  water  tlim  orea.'^innx  nu  traubling  of  the 
liquid.  Wheu  the  solution  has  been  diluted,  the  s-.il- 
plmn-tlvd  hydroven  gas  is  led  IhrouKh  it.  The  |irer.ipi' 
tatcil  sulphuret  of  bisniuUi  is  decomposed  by  nitric  acid, 
ia  the  mauner  which  has  l>ccii  descrilM:*il  above-  Th«; 
oxide  uf  bi-smutJi  is  (hen  precijiitaled  from  the  nitric  acid 
Solution,  by  tiirbonate  of  ammonia.— Oxide  of  bismuth  is 
ficparaluil  iu  the  above  maiuier  from  the  uxidrs  of  niekt-l, 
cobalt,  zinc,  iron,  and  munpuiesc.  and  from  the  earths 
and  alcalies.  The  substances  which  were  combined  with 
the  u-vide  of  bismuth,  are  cuiilained  in  the  solutiou  tillered 
bwn  the  sulphurct  of  bismuth.      Tlicy  are  now  to  bo 
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Hnd  the  n\i<lr  of  zinc.  The  Kolulion  %ä  lilterrd,  and  ihc 
precipitale  w  wa«hc(l  with  n  »Diulion  of  muriate  of  suii- 
monia.  Jt  in  then  Hricil,  «nd  iKiiheJ.  Durinn  the  i^^iilinD. 
thi'  |«!ri»-vidi*  itl'  iirauiiiiii  is  roducccl  to  iinrtiixiUr.  Thi» 
protoxide  h  diete^ted  in  dilute  tniiriutic  acid,  in  which, 
utter  hit^in^  hecn  icnitctJ,  it  is  no  l»nü;rr  soIuIjIi-.  The 
Muhstuncc  rrniaiiiing  undissulvL'd  uiU-r  digestion,  is,  there- 
fore pure  protoxide  ofupaniuro-  Thcmiiriiuii-  acid  contains 
in  solution  the  iividen  of  rohall,  xine,  and  uicLcl,  toj^elher 
^vilh  a  Hiualt  [Hirtion  of  p(.To\id(r  of  uniriiutn,  which,  living 
iQ  u  state  of  combination  witli  those  hnses,  csciipcil  llic 
rcdurinc  effect  of  the  ipnition.  Fnmi  this  solution,  thi- 
wnnll  quantity  of  peroxide  of  uranium  \&  now  preripitiited, 
ividi  L)k>  (ithrr  niel»llip  oKide^,  l>y  cuuHlic  umnioniu.  Tlie 
pi-ccipilated  oviile.s  are  redisMolved  in  niiirialic  acid,  und 
arc>agaJo  precipitated  by  atnuionia.  The  precipitate  'u 
washed  with  a  solution  of  uuiriate  of  ammonia,  and  after* 
ward»  dried,  and  ignited.  The  rcuiaiuin;;  oxides  arc  esür 
mated  in  the  niatnicr  which  has  been  already  described. 

SeparaCiop  from  l/it  Ojttilex  of  Iron. — The  oxiilps  nf  iron 
arc  :icpuTaled  from  tJiuse  of  uranium  ux  fuUous:  If  tlic 
p^oto\id(^s  of  Inich  uictab  be  present,  tlie  first  operation  iit 
to  convert  them  by  nitric  acid  into  ]>cro&ifIes.  An  excess 
of  carlwnatc  of  ammonia  15  then  added  to  the  »^luttoit. 
Thiii  dissolves  the  peroxide  of  uranium,  and  precipitati-s 
Ihc  {tcroxide  of  iron. 

StjiaratioH  J'rout  Protoxide  oj'  MangnRCit,  the  Earth»,  and 

the  ..l^a^.— The  oxides  of  uraniutu  uru  iwpiu-uled  frum 

protoxide  of  muni;anesc  aud  uiiien(t.siu,  in  the  same  nmnncr 

as  from  oxide  of  cubult.     Tiic  pt-rovidc  of  umiiiam  cuimol 

In*  separated  Ironi  ma)!itesia  by  bihydrosulphuret  of  om^ 

monia,  because    the  siilphuict  of  ui-aniuia   is  not  quite 

iiiMilublf  ill  an  c\.cu.s.s  uf  hihydi-o^uljthurct  of  ammonia.— 

Vcroxidc  of  uranium  is  .separated  from  alumina,  in  the 

^mc  manner  as  from  peroxide  of  iron. — Lime  and  stroii- 

j-lian  can  be  separated  from  peroxide  of  uruiiiiim  as  folluwä: 

iThe  solution  is  mixed  ^tith  »iilphuric  arjd  and  alcohol: 

Ljiulphateof  limeaud  sulphate  of  stnJiitian  are  pretipitalcd. 

[The  precipitate  Is  tillered,  and  edulcorated  with  ulcolinl. 

ri^hc  sulpliatc  of  ptruxiilc  of  uranium  rcmuiiiä  in  äululiou, 
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provided  a  siiflicicnt  quantity  of  ajcohol  has  been  adiicH- 
Alter  the  evaporation  of  the  alcohol,  the  peroxide  of 
uranium  id  prtH-ipitnled  by  uninioni». — From  baryteü,  thn 
pcruxide  of  uranium  is  separatetl  by  sulphurir  acid,  nliit-h 
thrown  donn  sulphate  n(  harytes. — To  si'jmrattr  pemxido 
iif  untniutn  fn>m  Ihr  fi\rd  ulralics,  an  rxivss  of  raiistin 
nminunia  is  added  to  the  soliilioii.  'llii;  re^olUnf;  preci- 
l>itatc  is  washed  with  n  solution  of  muriate  of  aiumoriia. 
Thu  li\.t<d  ulcatips  arc  separated  fruin  tlic  littered  tudtitioii. 


\ 
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XXII.    COPPER. 

J*recipitation  by  Caustic  Potath. — The  best  reagent  for 
prcciiHtatlnc the  dealnxidc  ofcoppcr  is  rauAtic  jmla^i.  Tho 
Roluti'in  rontHiiiins  the  deutoxide  of  cojiimt  is  Iieatcd  in  a 
)H>n'elaiu  capsule,  ur,  what  is  better,  in  aplatiuiiiiirapsiilc; 
it  is  rarclitiiy  broa^it  to  the  boiling  point,  and  while  IküI- 
in;;,  is  mixed  »ilh  n  solution  ufcaustir  ])ota.sh  :  llicreu)>iin 
tlie  deutuvide  rif  copper  luria»  a  hea^y  hnnvainh  black 
|ir«ripitate.  If  the  precipitation  of  the  dcutoxidc  of  copper 
be  efteeted  in  the  cold, it  pi-oduce«  the  hydraleof  deatoxido 
of  ropper,  uhich  liiriuf;  a.  bulky  bluo  precipitaie,  Thin 
hydnile,  however,  when  twileil,  bei^ome*  denser,  and  of  a 
hninni.sh  black  colour,  luid  i.s  converted  into  dcutoxidc 
of  cup|H-T.  The  dcutoxide  of  ci>|)pcr  is  washed  clean  with 
dillicutty;  the  washing  surcceils  Iw^t  with  hot  water, 
lieeause  thin  it)  capable  of  completely  disHolviii^  the  last 
traces  of  |Kitash.  When  the  pi-ceipitate  is  dry,  it  nitist  be 
limited.  The  ignilion  can  he  very  well  perfonneil  in  a 
platinum  crucible.  The  fdtcr  is  burnt  v,\\\\  the  precipi- 
tate. If  any  of  the  dcutoxidc  of  copper  should  thereby  bo 
n>duced  to  protoxide,  the  latter  eiisily  reoxides  ilS4?If  in 
the  current  of  air  pnjduced  durini;  the  ignition.  The 
deatoxide  of  copja-r  must  b«  weighed  the  moment  the 
cmcible  is  cold  cuouiib  to  be  jnit  into  the  scale,  the 
crucible  hnvinc,  u|>on  removal  fro»)  the  lamp,  been  closely 

It  with  a  cover.  The  deutoxide  of  copper  atti-actn 
moisture  vory  eagerly. 

The  more  dilute«!  the  sulutidn  of  deatoxido  of  copiKT, 
the  more  complete  it.s  precipitation  by  caustic  potash. 
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When  the  solution  is  very  concentrated,  there  remains,  after 
precipitation  by  caustic  potash,  traces  of  copper  still  in 
solution ;  and  if  the  liquid  be  mixed  with  bihydrosolphuret 
of  ammonia,  it  is  rendered  very  brown.  This  is  not  the 
case,  when,  previous  to  the  addition  of  tlie  potash,  the 
solution  of  deutoxide  of  tapper  is  diluted  with  a  large 
quantity  of  water. 

Separation  from  Nitric  Add. — When  the  deutoxide  of 
copper  is  dissolved  in  nitric  acid,  or  when  the  solution  of 
deutoxide  of  copper  contains  nitric  acid,  the  deutoxide  of 
copper  is  not  always  completely  precipitated  by  caustic 
potash ;  there  generally  remains  a  small  portion  of  copper 
in  solution,  even  when  a  very  g;reat  excess  of  potash  has 
been  added.  When,  therefore,  the  object  is  to  separate 
deutoxide  of  copper  from  a  nitric  acid  solution  by  means 
of  potash,  it  is  necessary,  first  to  add  sulphuric  acid  to  the 
solution,  and  by  the  help  of  heat,  to  decompose  and  expel 
the  nitric  acid.  The  heat  applied  must  be  gentle,  and  the 
evaporation  carried  on  nearly  to  dryness.  When  the 
whole  of  the  nitric  acid  has  been  driven  away,  the  solution 
ceases  to  give  the  acid  vapours,  which  denote  its  presence. 
The  sulphate  of  copper  and  excess  of  sulphuric  acid  are  then 
mixed  with  a  large  quantity  of  water,  and  the  deutoxide  of 
copper  is  precipitated  from  the  warm  solution  by  caustic 
potash. 

Separation  from  Ammonia. — When  deutoxide  of  copper  is 
held  iu  solution  by  an  excess  of  ammonia,  it  chn  be  cmn- 
pletely  precipitated  by  boiling  with  caustic  potash,  even 
when  nitric  acid  is  present. — It  would  be  possible,  there- 
fore, if  one  had  a  solution  of  deutoxide  of  copper  and  nibic 
acid,  to  prepare  it  for  precipitation  by  caustic  potash,  by 
previous  supersaturation  with  ammonia.  It  is  better,  how- 
ever, to  expel  the  nitric  acid  by  sulphuric  acid,  in  the 
manner  described  above. 

Precipitation  by  Carbonate  of  Potash. — Deutoxide  of 
copper  must  not  be  precipitated  by  carbonate  of  potash; 
for  the  precipitation  is  incomplete,  and  the  copper  which 
remains  in  solution  can  only  be  obtained  by  evaporating 
the  solution  to  dryness,  and  exposing  the  salt  to  a  gentle 
ignition. 
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Prmipilation  htf  pvlit/ietl  Iron. — The  procipitalion  ol" 
iiiütallic;  copper  from  solutions  of  deatoxidc  of  copper,  by 
tneanit  nf  polishfd  iron  plnio,  is  a  nu'thod  which  never 
give«  an  act^iirate  result.  Tlie  metallic  cupper  becomes 
partifdly  oxiiliscd  diirinp  the  drying',  and  is,  murcover, 
generally  miii<;lcd  with  rliorconi,  which  the  iron  dirpoKit» 
dissolriiig. 

'^TueipitatioH  btj  Sulphuretted  Hydrogen  Gas. — Dcatoxidc 
orrtipppr  can  be  very  easily  sepanitcd  from  nil  niclallic 
oxidi>.>)  whose  acid  solutions  afford  no  precipitate  with 
sulphuretted  hydrogen  i^a-s.  The  nolutinii  of  tJii:  dnitoxidc 
is  ur'iduhitcd  by  mtiriiitic  nrid,  iiml  »nbjerlcd  to  the  action 
of  a  Vfr>-  .slow  ninciit  orsnlplmn-tti-il  hydrogen  pus.  Tbi« 
operatioti  is  continued  until  the  liquid  is  quite  sniuraled 
wiih  Kulplinrt'ltcd  b\dri>(xcn,  and  iiive«  a  stroiii;  nmell, 
when  the  gaü  is  no  lon^T  passed  into  it.  The  precipitHted 
salphnrct  of  copper  must  l>e  immediately  filtcnul  and 
wuslM>d^  and  )he  ivasbiiiR  mnst  be  completed  at  once,  and 
not  be  interrupted,  if  not  liltcrcd  soon,  the  fiulphuret  of 
copper  very  quickly  becomes  oKidised  in  the  cold,  espe- 
cially if  nitric  acid  be  contained  in  tlie  .solution.  It  is, 
therefore,  ahsolnlely  neces.sary,  that  the  solution  .smell 
continually  of  »nlphuretted  hydrogen  gas  during  its  filtra- 
tion. The  quantity  of  deuto\ide  of  copper  conliiinrd  in 
the  solution  cannot  be  well  calculated  from  the  weight  of 
the  snlphiiret  of  roppor,  becanNc  the  latter  liecome»  par- 
tially oxi<li.<u>d  dnrinc  itsdr^'tu);  in  (lie  air.  In  conttetiuenec 
of  this  circUHi-ttaiiie,  it  is  necessary  lo  convert  the  sul- 
phurel  of  copper  into  deutoxidc  of  copper,  and  to  determine 
the  weight  of  the  latter.' 

Conversion  of  Sttlphuret  of  Copper  into  Dettloxiäe  of  Copper. 
— The  «iilphuret  being  washed  and  still  wet,  is  removed, 
with  the  lilter,  from  the  funnel  into  a  glass.  The  o|)erator 
pours  over  it  nitric  acid  or  aqua  rc^ia,  and  allows  it  to 
digfrtt.  as^iisted  by  a  gentle  heat,  until  nJI  tlie  copper  iit 
dissolved,  and  the  insoluble  sulphur  has  a  clear  yellow 
colour.  This  oxidation  is  much  more  easily  effected  by 
aqua  rpjna  than  by  nitric  acid  alone.  Havinj;  separated 
Ihr  .Hulphur  by  tiltralion,  and  v  i-shrd  it  wrll,  the  oiwrator 
adds  sulphuric  acid  to  the  solution,  and  cvaitoratcs  itnnttl 
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JQKüluMe  iu  every  excess  of  ammonia  or  bihydr 
of  ammonia.  On  rxpnsiirr  to  tJi<:  aJr,  it  bcrone 
much  FMHttKT  than  lliu  .stil|i)iiiret  of  rtipjM'r  pv 
precipitation  from  an  acid  solution  Uy  sulphuivi 
^en  ||;iis.  It  niii.st,  in  (umHt-qiifiice  ol'  tliis,  Iw  JH 
water,  to  wliirli  u  little  biliytlrosulphuret  uC  f^ 
Iwoii  added.  After  Iiein^  hasIicmI.  it  must  he  o 
nitric  ut'id  or  aifua  rcffia.  aud  Dicdc-utuxitlc 
\m  precipitated  b>  caustic  jMtOätt. 

^ieparatMH  from  Peroride  of  Iron  hy  Art(m^ 
account  uf  iho  ready  solubility  of  dciiluviilc  of 
umiDoiiia,  this  reagent  has  bctrn  employed  l<i 
dcutoxidc  of  coppiT  iVoni  .sul>.stuuc<'s  vrbicfi  anus 
pictcly  precipitate:«.  Ueutoxidc  ol'  cuppvr  \&  a 
ratc^l  in  this  manner  from  |>eroxide  of  iron,  tk 
of  iron  »liich  is  thutt  pfL-cipitated  contiiins.  Ii 
considerable  quantity  of  deii (oxide  of  i-a>pper, 
be  dirisolved  by  any  excess  of  amniunia. 
by  .sulpiuircttcd  hydrogen  gas  is,  Uicrcfore,  in 
to  tbii«  method. 

Sejmratitm  from  Oxiiie  of  Zinc  htj  IPotath. 
are  xohilile  in  a  .solution  of  ('Hu.stir  potush,  am 
inLiipiihh-  of  beiri^  sepiirute«!  from  iliiutuxide  of 
thiä  reagent.  Thus,  fore\ttmpk-,  it  is  ImpusMb) 
Hie  employment  of  the  greatest  excess  of  cuuki 
to  ■«■imriilP  ilriimnide  of  eoope»  (mm  .^%.i.t..  ^i- .. 
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n,  an  is  oHeo  recomincnJcd,  by  rauslic  polnsh.  The 
oration  of  oxide  i>f  »Jnc  from  dcutoxidp  of  copper  ts 
■foctly  unii  easily  tflectcd,  by  pawsiriK  »  current  of  jstil- 
uretled  hydniKen  t^a»  lb^c)U^fa  un  audulated  sululiuti  of 
I  two  oxidt^. 

SriHiratioa  from  the  Oxide«  of  L'raMiam,  A'irA*/,  C^dt^ 
m,MangaNeiK,  hhU  Zwc,  and  from  the  JuirlAs  and  AlcxsUe*. 
By  KulphiiriMivd  hydrogen  f^a,  passed  into  ariditltitvd 
utioiis,  deiiluxidc  of  (-oppcrcan  be  pret-ipilatcd  from  tlic 
idfs  of  tiraniuni,  nickel,  cobftll,  imn,  aud  iniiiiKiinese. 
iUtoxtdt*  of  (opiwr  cun  also  \m  sepanitcd  from  oxide  of 
iC  by  8ulpliun-lted  hydroi;rn  fias;  but  in  this  case,  tbe 
iatioii  nitist  Iw  made  more  Btnmiily  add,  in  ordiT  to 
3Vi'ut  tbe  pre<jpitatiuti  of  Hulpburet  of  rinv  u-itb  Üic 
Epharet  of  copiwr.     Sulpburclted  bydrojicen  giu  can  also 

rtiiployt'd   to  separute  deutoxide  of  copper  IVodi  tbe 
rtli»  and  alcalies. 

Separation  from  Oxult  of  JUstmth. — The  best  method  of 
paratiiiK  dciitovido  of  cojtper  fmm  o\idc  of  biKmiith  m 

means  iif  carlionale  of  ammoiiia,  nbicb,  on  being  added 
excess,  dissolves  tbe  deutoxide  of  <;op[»w,  and  prpripi- 
tafl  tlir  o\id(*  nf  tiisnnidi.  The  operator  must  nut  fdtrr 
if  Solution  imnirdiiid'ly  aflcr  addini;  Üiu  rarbonatc  of 
inionia,  but  mu8t  allow  the  wbolc  to  remaio  for  some 
no  in  a  wann  plane,  that  ibo  ovide  of  bismnlh  may  fully 
posit  itself.     It  is  K<K>d  to  pour  a  :;(^ution  of  carbonate 

■jnnutnia  over  the  uxidc  of  liisniuth  >«hile  still  wet  on 
e fitter.    This  a.tsiststlicfmnlseiMiratiouof  the  dcuto\ido 

copiHT,  »hirh,  boH<'ver,  is  not  easily  clTectcd.  The 
'ecipitate  is  aOervvard^  iiftdtvd  and  weii;lu-d.  The  liltercd 
■liition  is  gently  i'va|)orHted  to  e\|H*l  the  excess  of  carbo- 
tle  of  ammonia.  A  little  canstic  anmionia  is  then  added, 
id  the  deutoxide  of  copper  is  ptvcipitated  by  cnnstic 
ktash. 

Saturation  from  Protoxide  of  Ltad, — The  separation  of 
•Utnxidc  of  cojiper  from  protoxide  of  lead,  is  liest  elfeeled 
I  Ibllows:  Itolb  oxides  are  dissolved  In  nilric  acid;  tbe 
hlucion  is  uiix.tnl   with  sulphuric   acid,  and  evaporated 

dryness;  and  the  dry  timsN  is  heated  suHiciciitly  to 
tpel  the  excess  of  aulpburic  ucid.    Water  is  then  iwared 
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the  nitric  acid  is  entirely  expelled.  The  remainilrr,  con- 
sisting of  sulphate  ol'  deutoxide  ol'  coppi-r  and  the  cxces« 
of  sulphuric  acid,  is  then  treated  with  a  hirfre  quantity  of 
water,  and  tlir  di-utoxidc  of  cuppc-r  i»  precipitated  from  the 
dihitcd  and  warm  i«olution  by  catutic  putasb. 

Prerifiitatwji  by  liihifdrns'ilphiiret  i>f  Ammonia, — DeutoxitU; 
of  copper,  conlaiued  in  neutnii  i>r  aiumoniacal  $n)utiun.s. 
can  he  completely  precipitated  by  iiiliydrusiilphuret  of  am- 
immiiu  The  precipitated  sidplinrct  of  coppi-r  is  pcrlectly 
insoluble  in  ever)'  excess  of  ammonia  or  biliydroHuIpliuret 
of  ammoniu.  On  exposure  (u  the  nir,  it  iMicoaies  oxidijied 
jnuch  KooiuT  thitn  (lie  .fulpliun-l  of  cop)>er  pntduced  by 
.precipitation  iVoiu  an  acid  .tulutiuo  by  .sulphiirctlcd  liydni- 
H^n  gas.     It  must,  in  consequence  of  this,  bv  wushiHl  with 

[.water,  to  which  a  little  bihydrosiiIi)huret  of  ammonia  has 
Imjcu  added.     After  Ijeing  waslied,  it  must  be  ox.idi.^t'd  by 

I  nitric  acid  or  aqua  regia,  and  Ihc  dcatoxide  of  cnp|M.-r  must 
'Jic  prccipitJLtcd  by  caustic  potash. 

SejtaralioH  /ram  Peroxide  of  Iron  htf  Antwauia. — 'On 
arcouiit  of  tlic  n^ady  solubility  of  dcntovidc  of  copper  iu 
unimonia,  this  reaicent  has  been  employed  to  separate 
deutoxide  of  copper  from  sui)Ktance.t  wbich  anutinuia  com- 
pletely precipitates.  Doutoxide  of  copper  i»  oltea  sepii- 
rated  in  ttiis  manner  Ironi  peroxide  of  iron.  I'be  pcnixidc 
of  iron  wliich  is  thus  prerjpilatcd  contiuni;,  however,  a 
cousidernble  quantity  of  dcutoxidc  of  copper,  which  cannut 
.be  dissolved  by  any  exceü.s  of  ammonia.     Tli«  separation 

,by  sulphuretted  hydrogen  gas  is,  rbereforc,  much  preferabli} 

f.to  tlii.s  method. 

Sqiariitinn  from  Oxide  vf  Zinc  %  Potttsh. — Oxideä  urluc^ 
arc  soluble  in  a  solution  of  caustic  potash,  are  still  ofiea 
incupiildc  of  luring  sepuratcd  from  dciitoxidr  of  copper  by 
ibitt  n-iit^ent.  TIiur,  for  o\ample,  it  in  impo^ible,  even  bj 
the  cniptoyment  of  the  greatest  excess  of  caustic  pota&h, 

I  ^to  separate  deutoxide  of  copper  fr«Hn  i»\ide  of  zinc.     It  i» 

[.true,  that  «c  coii  hereby  cuuiplclely  pivcipitalc  tbc  dcut' 

rpxide  of  copper,  but  it  so  happens,  that  a  jMrlioa  of  oxid* 
)f  zinc  falls  with  it,  and  contaminate«  il.  Ii  wimid,  there- 
fore, he  to  c4oiimit  a  great  fault,  ii;  iu  the  quanlitativc 
examiualiou  of  bra:!i.s,  the  operator  were  to  treat  iu  sulu* 
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tion,  Oh  IK  »Hen  rccommeiiilfxl,  by  riiustic  i>ot»sh.  'I'liu 
!«epanitii»u  u(  oxidt«  of  »nc  fntm  dL>uloxide  of  copper  la 
prrfrrl!>'  imd  (.-iLsily  cfll-cti'd,  by  pns-sinp  a  nirrrnl  nf  stiil- 
phurctteU  bydrogeD  gas  tliTougtj  au  acidulated  soliitiuii  of 
the  two  uxides. 

St^rafiott  from  the  Oxida  of  Ummnm,  jVirkei,  Cobalt, 
Iron,  Mant/anetu-,  nnd  Zinv,  atidfrora  the  Karths  and  AlcalUx. 
— fiy  sulpliurctird  bydrug;cn  ^s,  ]»is8cd  iitto  acidulated 
Kolutioiis,  dcutoxidu  of  copprr  eaii  be  precipitated  from  tlic 
u\ide«  of  amaiuQi,  iiicki'l,  col>ait,  iron,  und  luan^itnese. 
UeutoKide  uf  cop|K>r  caa  ul!H>  l)e  separated  (Vom  oxldo  of 
ziuc  by  sulpJmretlcd  bydruircn  uas;  but  iti  lliis  ca>u.%  the 
solutirm  niii»t  be  umde  more  Htrüni<:ly  arid,  in  order  to 
preveut  the  jirecipitation  vt'  siilpluirct  of  sine  wilb  tliu 
itiilphuret  of  cuppnr.  Sulphuretted  liydn^n  pi»  tnii  also 
be  employed  to  separate  dciitoxidc  ot  copper  Irom  the 
eaitlis  niiil  uk^iuif^g. 

Srpfiratian  from  Oxide  of  Tiismvth. — The  tiest  Qietliod  of 
Hcparaling  deutoxidi.*  uf  cojipi-r  fi'Oiii  oxide  of  hixtnulh  in 
by  tneanii  ot'carlioiuitr  orainiiniiiiji,  which,  on  being  addrd 
in  cxceüä,  dissoKuä  the  flL-ulo.\ide  of  cupper,  and  preinpi- 
tates  the  oxide  of  biäuiuth.  The  operator  must  not  lilter 
ihp  solution  ininu'diately  uner  adding  the  rarlHinale  of 
iuiuDonia,  but  luust  allow  the  whole  tu  remain  tor  sonic 
time  in  n  wami  place,  thai  the  oxide  of  bismuth  may  fully 
deposit  itself,  ll  \a  \^ooA  to  pour  a  :tohi(ion  of  carbonate 
uf  iUQUionin  over  the  oxide  of  bismuth  «hilc  still  wet  on 
the  (Uter.  Thi.s  aä^sists  tlie  fiool  sciKimtion  of  the  deutoxid« 
uf  copjMT,  uhtrh,  however,  is  not  i>atiily  ellwted.  Th« 
jirecipitnie  is  after^vards  ipiited  and  weiirbed.  The  lillt-red 
«olutkin  is  gently  cvuporated  to  exiM-l  tht;  ext^ss  of  niriM»- 
niite  of  iimiiioiiiu.  A  litlh*  cituHtic  nmiitoniii  is  then  iiddrd, 
and  (he  deutoxide  of  copper  i«  pn^eijiitated  by  cauMtic 
iwtasb. 

S<parntion  from  Protnildc  of  Lead.- — The  Ki>|N]ration  of 
dcuto\ide  of  copper  iVoin  protoxide  of  lead^is  best  effected 
a» follows:  Both  oxides  are  dissoKcd  in  nitric  acid;  the 
.tolution  U  mixed  with  sul|ihurir  »eld,  and  evajMirateil 
to  drjnes,'*;  and  the  drj'  mass  is  he«ted  sutfiriemly  lo 
expel  the  excess  of  sulphuric  iu-ld.    Water  is  (hen  imurvd 
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over  the  fixed  remaioder,  and  sulphate  of  lead  reniEÜn« 
undissolved.  It  is  filtered  and  washed,  theD  dried,  and 
gently  ignited.  From  the  filtered  solution,  dentoxide  of 
copper  is  precipitated  by  caustic  potash.  A  very  small 
quantity  of  sulphate  of  lead  dissolves  in  the  water  with  the 
sulphate  of  copper,  and  escapes  precipitation  by  the  escesa 
of  caustic  potash.  This  sulphate  of  lead  remains  in  the 
solution  filtered  from  the  precipitated  dentoxide  of  copper. 
So  much  of  an  acid  is  added  to  the  solution,  that  the  liquid 
remains  but  very  weakly  alcaline.  A  little  oxalate  of  am- 
monia is  then  applied.  Thereupon,  the  small  portion  of 
protoxide  of  lead  precipitates  in  the  state  of  oxalate.  Tins 
salt  is  ignited,  and  thus  converted  into  protoxide  of  lead. 
Every  solution,  which  contains  these  two  metals,  is  to  be 
treated  in  a  similar  manner.  It  is  all  the  better,  however, 
when  the  solution  contains  no  ammoniacal  salts,  because 
the  expulsion  of  the  sulphate  of  ammonia  is  attended  with 
difficulties. — A  more  accurate  result  is  obtained  by  follow- 
ing this  method,  than  by  separating  dentoxide  of  copper 
and  protoxide  of  lead,  by  carbonate  of  ammonia.  The 
precipitated  carbonate  of  lead,  even  when  a  great  excess 
of  carbonate  of  ammonia  has  been  employed,  always  con- 
tains a  little  deutoxide  of  copper,  which  colours  it  greenish. 
If  a  solution  of  carbonate  of  ammonia  is  poured  upon  the 
carbonate  of  lead  while  it  is  upon  the  filter,  it  redissolves, 
indeed,  a  portion  of  the  deutoxide  of  copper,  yet  it  is 
extremely  difficult  to  free  the  carbonate  of  lead  ^olly 
from  deutoxide  of  copper. 

Separation  from  the  Oxide  of  Cadmium. — According  to 
STROAr&YER  (Schwbiggbr's  Jahrb.  T.  xxi.  p.  901), 
deutoxide  of  copper  is  separated  from  oxide  of  cadmium 
by  carbonate  of  ammonia,  \^hich  must  be  added  in  excess. 
Hereupon,  carbonate  of  cadmium  precipitates,  while  deut- 
oxide of  copper,  with  a  little  oxide  of  cadmium,  remains  in 
solution.  When  this  solution  is  exposed  to  the  air,  the 
oxide  of  cadmium  first  deposits  itself  almost  completely; 
the  carbonate  of  ammonia  flies  away,  and  the  deutoxide  of 
copper  remains  in  solution. 
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r.    SILVER. 

Prrripitation  rai  Cklorufe  of  Silcrr. — Oxido  of  silvor  cun 
be  separuttxl  from  other  HiilisUmccA.  aJid  quunlitiLtiTvly 
pHlimate^l,  «ith  more  case  and  pr^'iitfr  accurary  than  mni^t 
ulht-r  oxhIüh.  'riic  OKidc*  of  silver  is  prpcipilateil  Imm  its 
Kolntions  by  murialir  acid,  in  the  .state  of  insoluhle  chloride 
of  silver.  In  the  ellectin^  of  this  precipitation,  no  other 
prrrnutionary  measure  is  to  be  observtxl  than  that  of 
acidulating  the  Holution  before  precipitating  Üie  chloride 
of  silv4>r.  by  the  addition  of  »  little  nitric  acid.  In  a 
.nfutml  >iolii(ion,  the  ehloride  of  silver  doe»  not  properly 
subside;  and  anuooniacal,  the  solution  must  mtt  remain 
nn  any  ncrount;  for,  if  nn  excess  of  iimmoniii  he  present, 
iii>  rhliirid«;  of  «ilver  can  lie  precipitated.  When  tltc  ojhth- 
tor  has  a  stronifly  concentrated  solution  of  silver,  he  must 
not  prec'ipitute  it  with  very  stntny;  uiiiriatic  ucid,  because 
an  evc««s  of  muriatic  acid  i&  capable  of  dissolvinf;  a 
little  chloride  of  silver,  which,  however,  mere  dilution  with 
watf-T  in  sufQcicnt  to  precipitate  completely. 

Tt  ifi  more  accurate  to  prccii»itatc  silver  by  muriatic  acid 
than  by  solutions  of  clUoridc  of  potassium,  chloride  of 
sodium,  or  of  muriate  of  ammonia ;  for  the  latter,  and  par- 
ticularly the  muriate  of  ammonia,  is  rapablte  of  retaining 
Irnces  of  chloride  of  silver  in  solution.  Tlii-s  is  partictdarly 
the  case  when  it  is  added  in  large  quantity.  When,  in  the 
precipilatioti  of  chloride  of  silver,  the  presence  of  much 
miiriulc  of  aminoniu,  chloride  of  potassium,  or  chloride  of 
sodium,  is  nnav<iidahle,  a  ra.<cu  wbirh  ran  readily  iM-cur, 
the  m«>«t  advisable  mode  of  procedure,  acrordine  to  Cay- 
LvaSAcand  LtKBKc  CAnnales  ile  CTiiinie,  T.  XX v.  p.2HD), 
is  to  eva]H)ratc  the  solution  altered  from  the  chloride  of 
silver  ooarly  to  dryness,  and  to  treat  the  remainder  with 
nitric  acid,  ff  the  wlii>Ie  be  then  exposed  to  heat,  the 
alc^line  cbhiridcs  are  converted  into  nitrates,  while  the 
small  quantity  of  chloride  of  silver  remains  unaltered,  and 
does  not  dissolve  when  tlic  mixture  is  diluled. 

Belore  the  opemlor  liller»  (he  prcrcipitatiHl  chloride  of 
flUver  from  the  solution,  it  is  good  to  expose  Üic  whole  to  a 


milky  soTntiön  with  the  wosh-water;  hitt  the  opfl 
it  alnay»  in  tiis  power  to  prevent  it,  liy  weakly  »r 
tlie  water.— Tlie  rhlnritle  ol"  silver,  after  hein^ 
miMt  lie  very  wi:ll  ilritr«!.  und  Uicu  tnuisrernrcl  to  u 
porrrlain  crui-ible.  The  filter  lanat  \if.  eleanrd 
|>lelely  as  pos5il)lc  from  the  precipitute,  burul 
ii)Hin  the  cover  of  a  rruciliie,  »nd  then  iidili-d  to  li 
pilate.  The  little  porcelain  c-nirilile  iiiiist  then  I 
with  the  cover  upon  uhiili  the-  filter  Iium  l>eeQ  Iran 
rhloridc  of  nilvfr  is  thru  to  Ih'  luntrit,  iillowcd  to  i 
net^lird.  11' the  cUloridc  of  silver  is  uot,  in  th«. 
perfectly  freed  from  all  tnoistore  by  dryini;»  il 
spirt  about  diiriiif;  IliP  riiston.aiid  so  u<'ruKinn  a- 
lite  ivpight  of  llic  rcsultiutt  thloride  oi*  »silver, 
of  silver,  nr  oxulc  of  silrer,  is  ratnilated. 

SrptiraiioN  hr/  Mttritttic  A  cid  frvm  nil  the  Oi 
treatfH  of. — By  muriatic  acid,  the  ovtde  of  silt 
only  be  completely  pi-eeipitated  from  its 
seiHtrated  also  from  all  the  oxides  tvhieh 
Inrcn  treated  of;  for  the  metals  of  llipse  axidcikÜi 
pounds  with  rlilnrinr,  nhirh  urt-  till  soliihle  in  i^| 
protoxide  of  Iciid  can  be  ^e^y  well  separated  lifl 
silver  by  muriatic-  arid.  Bui  it  is  then  pntpcr  10  ll 
solution  with  ;t  tcry  lurirt*  cjuaiility  of  \ratrr,  nm 
adding  the  muriatic  arid,  because  the  cblun^U 
but  dillicuUly  soluble  in  water.  ^^^j[ 
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is  to  I»  S(>)mrnte(l  Iritm  siibstniH-es  which  hnve  to  he  lukeii 
into  cmisideration  tUrtlier  on.  Nevtrthfless,  it  can  be 
t'Xircmely  well  :4c|iiinili'(l  Iiy  siilpliun'ltctl  hydmgrn  5ns 
from  the  oxides  of  umuiuni,  nickel,  t-obult,  xinc,  iron,  und 
manKnnoso,  ns  well  as  from  the  earths  and  alcali«s.  Tbe 
soliilionK  must,  in  ;tll  (-a-tes,  bo  iictd.  The  sulphurcl  of 
silit-r  thninn  down  l>y  .sulphuretted  hydrogen  pas,  can  l>e 
filtered  on  a  weighed  Hlter,  then  dried  and  weighed ;  aftpr 
which,  the  qtuuitity  ol'  silver  cuu  I»;  rw-kmird.  Il",  how- 
ever, the  operator  helicves  that  the  sulphurct  of  silver  is 
nccumpauied  by  sulphur,  which  will  h«  the  ca.se  when  it 
has  been  pm:ipitaled  from  a  sohiliim  rontainin'j^  [icroxide 
of  iron,  then  he  must  di^eBi  it.  with  the  I'dler,  in  nitric  acid, 
until  the  äeparated  sulphur  has  a  pure  yellow  colour.  He 
tnuAt  then  lillcr  the  solution,  and  precipitate  tlie  »ilyer  by 
muriatic  acid,  aa  chloride  of  silver.— The  sidphuret  of 
silver  thrown  down  by  bihydrosulphiirel  of  anniionia,  must 
invariably  be  treated  in  this  manner. 

AiutlyjriM  uf  Alloy g  of  SUrer  by  Salutiun. — If  the  operator 
desires  to  analyse  alloys  of  silver  with  other  metals,  in  the 
wet  way,  lie  can  cither  lirdi  dissolve  them  in  nitric  acid, 
and  precipitate  the  oxide  of  silver  from  the  solution  by 
muriatic  acid,  or  he  ran  treat  the  alloy  dinnrlly  with  aijua 
regia,  whereupon,  after  diluting  the  .solution  with  water, 
the  chloride  of  ailrer  rentain.s  undi-isolred.  Il  iit  l>ettcr, 
howevtr,  lir-st  to  disdulve  the  metals  in  nitric  acid,  and 
then  to  treat  the  solution  with  muriatic  acid. 

Atuilyxu  of  Allm/s  of  Stiver  by  CupeUntio». — la  order  to 

ilHenniue  the  quantity  of  silver  in  many  alloys,  in  those 

namely,  in  which  .silver  is  conil>inc<t  with  copper,  lead,  or 

with  other  basi?  mctalit,  an   Operation,  which   is  termed 

MppcllatioD,  is  commonly  made  use  of.   Cupdlation  consicta 

^BKnttully  i»  tliis:  The  base  luet^Is  which  are  combined 

with  the  silver,  and  a  portion  of  lead  which  is  added  lor  the 

[»urpose,  Iwconic  oxidised  by  the  heat  and  ihc  air  which  is 

allowed  to  have  access.    Hicse  oxides  of  the  ha.sc  mclals 

eorobinc  together,  and  coQätitute  a  fusible  mass,  which 

sinks  into  ihe  |xire.s  of  the  cupel,  a  little  vessel  employed 

to  ronlain  tlie  uiixture.     The  silver  alone  remains  behind 

in  th«  reguline  state,  and  after  cooling,  can  be  quantita- 
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tivdy  estimiitecl.  T\w  tjuanlity  ul'  ttic  utlier  mtiik 
tiiineil  in  tli«  alloy,  caiiiutt,  in  tliiit  manner,  be  d 
Ax  this  prorcss,  with  »II  tbc  prct'aiilitmury  mrtuaimHti 
«re  I«  \>c  «ltKiTvt!(i,  is  » iTj'  iieruralely  descrilicd  is  tl 
man)  c»od  chemiral  and  technical  bookti^  the  riitoo 
tiHl  dcscriptiua  of  it  mny  be  piii^scd  ovvr  hrre;  ibr 
espofially,  as  tho  process  cannot  be  CDipluynl  ia 
accurate  quantitative  detenuiiiatioiiH,  for,  iu  acnmn. 
Ntand.s  tar  In'tiind  the  xcparalion  of  silver  in  the  irel 

XXtV.    MERCURY. 

Qu/ifttitntirt'  Enthnatitm  Ay  RMur.tion. — ^The  bc«l  nf' 
delerminF!  ttic  <piu)itily  nt'  inemirj-  in  »nnly«!»),  is  tni 
it  t(i  the  metallic  »täte,  whatever  may  Ut>  ihr  state  ia 
it  existt  in  soltition.  The  hest  redncini^  n^-nl  ixllic 
chloride  of  tin.  But  tho  reduction  of  lut-rrury-  ran  il» 
cflfected  by  n  soltition  nf  phoxphoruus  acid,  or  by  Ikr 
which  is  produced  Uy  the  deliquescence  or 
in  nioiNt  air.  A.s  tltc  pnitiM-hlitridc  of  tin,  howrnt 
be  obtained  in  hir^e  ipmulilics  much  mure  caalfl 
pbrtaphorouft  acid,  so  tho  protochloride  of  tin  is 
made  tise  of.  It  i«  "  matter  of  indilTcTrnce  w 
nien-iiry  PXiKtti  in  Aolutioii^ax  puroKldi-,  protoiude,« 
ride.  The  solution  mny  contain  free  murintic  add, 
sulphuric  arid,  or  any  nther  acid  ;  only,  it  dare  r 
nitric  arid.  IT  nitric  a<'id  [>r  prcMciit  in  thi>  m 
tion,  then  pectihar  roeasares  ol"  prccaatiou  hate 
nbf^erved.  '  It  is  in  no  vase,  however,  a  matter  of 
timt  t}ie  tncrcitrial  com)H)iiiid  to  \h*  analysed, 
soluble  in  water  or  in  muriatic  arid ;  for  the 
he  most  c))niplclclyrcdnrcd  to  the  rcKuIinr  stale  liyi 
chloride  of  tiu,  oven  when  t-xistini;  in  Xixv.  insolulilr 
pproxiile  or  protoxide  of  mercitry,  or  in  thir  inmitabl* 
ridcH,  Sec. 

Ht^liirtion  In/  ProtocMoritle  of  Tin.— The  metbuif 
ployed  to  effect  the  reduction  are  a«  lullow: 
mercurial  «ubfitnnco  \!A  in.<M)luble,  the  opCTAtor  al 
a  matrass,  poors  concentrated  muriatic  arid  uimd 
then  adds  a  <'oncentrated  sokition  uf  protoclitohdf 
ta  nhirU  he  bus  prcvIuiLsiy  added  a  sulhcieoi 
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murialk  acirf,  t»  mider  it  pcrlectly  cU-ar.  Tlie  whole  in 
then  boiled,  but  the  Ixiiliii«  date  be  c<iiiüuul-<1  für  outy  a 
very  few  niiniitf.s;  (or,  diiriiii;  ii  Inn<;  builioir,  %'n|>otirs  of 
inorcur>'  misbt  be  volatilizt-d  in  lumpao)  with  the  aqueutia 
vapour.  The  operator  dow  corks  the  raatntsf,  and  .-itilTcrs 
all  to  Coot.  The  mercury  is  then  ronipletely  reduced  ;  tu 
first,  it  i-f  deposiU'd  In  the  state  of  a  Iilatk  precijMtate, 
CoDsistio|[  of  tiiiely-divided  globules  oi'  mercury;  diiniig 
the  boiliii};,  thi-.sR  unite  into  tarter  frlobulcs.  M'hen  llm 
matrass  19  cold,  the  operator  pours  off  ihc  clear  ijolutiou, 
and  washes  the  globulen  of  mercury,  uithotit  employing 
liltraiioü,  with  water  »i-idulaleil  by  a  li'.lle  niiiriulit!  acid, 
until  the  mercury  is  eulireiy  fn-ed  from  all  extraneous  and 
Kohible  su]>stances.  The  wet  mercury  is  then  ;^aken  into 
k  little  ctuiiitrrpoisi'd  platinum  or  porcelain  crucible,  and 
M  miK'h  us  possible  of  the  water  which  rises  above  ilic 
meruurj-  is  ahsorlMHl  by  bibulous  paper.  After  thi.s  is  done, 
the  mercuri'  mii.st  be  fully  dried  and  weighed.  The  dryinK 
mu.<«t  be  elTectcd  by  the  action  of  the  iiir  alone  ;  llie  crucible 
dare  not  be  pbieed  in  a  wami  situation,  however  penile  the 
decree  of  heat  might  lie.—  If  the  black  precipitate  of  t{Io- 
bulcs  of  mercury  will  not  unite  into  larger  globules,  the 
liquid  niu)tt  lie  decanted,  and  the  precipitate  be  boiled  for  a 
fett  minuteK  with  muriatic  acid, upon  which, larj^er  globules 
will  immcdialely  make  their  appearance.  It  very  often 
happi-n.s,  that  layers  uf  niinut<-  trlobules  of  uien:ury  swim 
UD  the  surface  of  the  solution  :  the  operator  moat  ctidea- 
ruar  to  wet  these  on  tlie  .surface  by  swiufrini^  the  solution; 
tbtTV  will  then  fall  to  the  bottom.  The  liquid  decanted 
I'roni  the  reduced  mcrcurj',  must,  with  the  wash*waler,  be 
]mured  into  a  ^ass.  This  mixture  often  gives  traces  of 
reduced  merrury,  which  have  remained  in  suspension  in 
the  solution.  The  portion  of  iiiercur>  .to  obtained,  must 
be  carefully  adiUnl  to  tlie  principal  «piantity. 

Reiiuditm  fra/n  tliiuttd  Solntions. — When  mercury  is  con- 
tained in  a  diluted  solution,  the  solution  must  Iw  aciduJali-d 
by  oiuriatir  acid,  and  mixed  with  a  solution  of  protochlo- 
ride  of  tin,  previously  rendered  clear  by  the  addition  of 
muriatic  acid  ;  tlie  whole  must  then  be  iMtiled  during  a  few 
minutes,     tn  this  case,  the  mercury  forms  onlv  a  blnck 
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a  sinali  iiiiantity  ttr  [w>n>xidt?  of  tin  fulls  dowD 
reduced  mercury,  and  prevents  its  romiation  into 
Tl)i.s  (tcroxide  of  tin  jh  diss«ilvfd  by  xhv  ruiirt^iitM 
atic  udd;    yet,  \«lK-n    (he  mixture-  has    befii  nil 
repose  l»n  lone,  I'lc  Kuliition  of  the   |i(.>ruxi 
twartely  be  eiltTH-d. 

Rtrlnc/iori  from  JS''itrir  Ant!  Sniittions. — The 
tion  of  mercury  in  this  niunarr  bocouifK  unc^iU 
the  solution  contnins  nitric  ncid.  Jt  is  then  nMi 
add  muriatic  ncid  (^adiiiilly  to  the  soliitinn,  and 
centrate  it  l>y  eva|Hinilinn.  The  uilri«:  acid  ia 
deittruycd.  free  chluriiie  heinf:,  io  the  mean  timc.dij 
hy  the  muriatic  «cid.  Solonj.thrrefitre.as  afresh 
of  muriatic  acid  to  the  heated  solution,  orCM 
odour  ufr)ilorim<  to  he  piwluced,  th«  Hddittonof  I 
ntir  acid  must  be  continued.  The  t>p4>ratu 
pourfi  n  solution  of  [mttoclilonde  of  tin  into 
and  i>roc4-efl.4  in  tfac  uiauner  which  huN  I 
ftbore.  When  the  solntioD  contains  nitric  a 
derable  proportion,  it  is  very  difiit-iilt,  ev 
greatest  precaution  in  taken,  to  obtaiu  the  right 
of  mercury,  tt  is  only  when  the  nitric  acid  is  cob 
a  solid  mercurini  compound,  that  it  is  ctuty  lu  da 
nitric  acid  by  concentrated  muriaric  acid. 

RHinctioft  by  PhmpboroM  Arid. — W  the  O 
to  aiiptv  pliosiihorous  acid,  or  the 
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o  ft  Hulutiuii  t'oiitiuniiiK  nitric  acid,  |>ruvj<lt-(!t  only  u  tsutli- 

i«it  rvess  (if  it  Ik-  FnipIo\<>i] ;  I'or  llic  nitric  ucid  is  more 

!0crlimlly  dc<«troyed  in  llii-  hent  by  |>bosphnntiiK  nrii)  tbnn 

iirinlic  «cid.    Indeoil,  the  uw  iil'  tlic  [ilu»plmrim.s  acid 

Id,  on  ifais  iimiiiiil,  lir  pM'cratilt^  Ut  thiit  t»t  the  |>nil<>- 

Uuritk  or  (in,  were  ii  but  )>osdil)lf  tu  [micurc  ihiä  ucid  iu 

arxc  (|iiiiiititics,  with  Ibe  same  chsc  thai  llic  tin  »iult  cuii  lie 

rocuntl. 

SepiiratioH  uf  MervHry  Ay  Distillatiun,  ^'e. — ^Tlie  quantity 

|pf  merctiry  (oiiliiiiiitl  in  n  xulLsiiUitc  suhiiiitlcd  loiinalvM« 

fi  detcrniiucd  iu  tlic  ü«:4l  and  must  itctiimtc  niiiiiiicr  by 

action.     Other  mctbodn  of  dctrmiiiting  the  (|uanttly  of 

icrciiry  ('fleet  the  objecl  *cry  incompletely-   Tbep^•^^xt(lw 

f  mercury  niay,  lor  example,  be  precipitateil  from  .sulmiuii 

ry  »Iralirs;  hut  tlir  precipitation  is  »lvrH\.s  iaiperlecl. — 

he  (jimiitity  of  mercury  exifitini:  in  a  cimiponnd  i»  oftin 

f'alunalt'd  by  »cpunitin^  it  Inmi  the  otbcr  tuiialiluciit:«  l>y 

llutioD.    This  method,  however,  requires  ii  gnul  deal 

re,  and  afl'ord.'c,  üben  e\en  the  ^TtMtcst  precaution  is 

,  U'ss  »ccuntle  result?«  tbnn  the  rednition  liynicanN  of 

:(M:UhjrEdc  of  tin.    The  mode  of  o[K-TalinR  is  a»  follows: 

nicniirial  .silhslanre  is  nei;:bed  in  a  little  retort,  and 

iw'ii,  if  the  inen-ury   be  present  in  the  stale  ol' oxide,  of 

^iTiygen  tiaJl.orof  »ulphun-t,  it  is  niio;j;Ied  with  carbonate  of 

folash  oruilh  pure  lime.    The  polaNh  attacks  the  glaiis  loo 

'*^io«erl'ullj  ;  oil  which  account,  tlie  lime  i.s  prcfcruhle :  it  is 

•e»l,  howrver,  to  employ  lime  and  jHita.sh  toeelbi-r;  but  i( 

''4  tir^t,  alwuys,  (o be coiiaidered,  Hlwiheriuiy  of  tbecou^tt- 

^'nentsof  the  remainder  are  to  be  quantitatively  determined. 

\  tien  the  mixture  ü  made,  the  iiecL  of  the  retort  is  drawn 

(il  tfi  u  line  lube,  nhich,  however,  inu-st  not  be  lui>  thin. 

**  *he  point  in  tJien  led  into  a  receiver,  which  must  i^nlain 

-^'urh  »  (piikiitity  of  watei'  that  ihc  mouth  of  (he  retort  may 

p  c  close  over  its  snrl'aee.     Wer«  the  uuck  of  the  retort 

U^Mrely  iiisiTted  into  (he  water,  the  latter  would  rist*  into 

l^c  retort,  if  the  heat  iipplicHl  to  effect  (hedi.slillatii)n-sbi>tiUl 

i^p)*rii  to  Ik  diminished  durin<r  only  a  single  iuätuut.     If 

mtht  rL-tort  be  ^ery  small,  Üic  distittatioo  may  be  |H-r1'omied 

iK'cr  a  spirit  lamp  with  einular  wicV.     Il  is  better,  how- 

iKer,  to  malkC  use  of  n  small  liimate;  htit  (he  o|>era(or 
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must  then  take  care,  not  to  employ  so  stronit  afcaU» 
melt,  or  even  to  soften  the  glass.     The  riixtilletl  ■ 
[k  found  at  tlie  bottom  of  the  rcceiTcr,  tiiider  the 
If  the  receiver  hws  bit-n  rtKiIud  on  the  oulxiile  daracft 
opemtinii,  thrrc  i-f  no  rcjuion  to  fear   thai  a  p<»i»i(rt 
quantity  of  mercurj'  will  ha\e  cwniHil  from  the 
in  vnpdiir.     Afler  111-0010101?  eool,  ihe  neck  of  thf 
cut  off  near  the  body,  and  the  ^-lubult's  of  nieiruir«! 
it  contains  are  washed  into  thr  n^ceivcr  with  warw.  1 
mercury  itt  then   drin)   in  tlie  air,  and   weighed.— tf 
inpFciiri;il  compound  is  very  volatile — il",  for  exanfk. 
contains  culunit'I  or  corrosive  Bubliinatt* — it  th?n 
atmoät  invariably,  that  a  portion  of  it  Ix  driven  aMf 
the  hrnt  belnrr  the  iilcalinr  fiub.sl»nre   has  liren  ikk 
effect  tlic  dccouipoäitjon;   this  is   pnriicularlv  tk 
when  the  two  Kiibslanres  have  been   itnpcrforüy 
Il  in    twiter,   therefore,  wbeu    a   very   volatile 
compound   is  to   be  decompoxetl,   alter  having  inW 
with  the  alrali,  to  moisten  it  thorou^-tily  with  «»ta, 
allow  tho  whole  to  repose  for  somt-  time.     Thi«  cfti* 
deeomjxhsitiiiii,  and    peruvide   of    merciir>'    is   ftttint 
ivhich  lilt!  Hiibj(ei|uent  »pplicatiou  of  hpat  rfsolnskl 
into  merrury  and  oxygen.    The  vohititization  of  ikt 
pound  in  an  undecomi>osed  state,  iiccti   not  lie 
when  the  mercury  in  present  in  the  state  of  peraslk 
sulphiiret.— It  htis  been  already  obsen-ed  above, 
quantity  ol'  inen-tirj-  contained  in  a  compound,  rUi> 
so  uccurately  detennineJ  by  the  distiUation,  as  it  ol 
the  reduction,  of  the  mercury. 

Analysis  of  Amalgamt. — >Vhen  mercury  ist  roabiBiU 
metallic  compound  with  niotals  which  arc  not  vutotfll 
(lujuittty  of  the  mercury  can  often  be  accuratrli 
luiiied  by  subjection  the  nmalguin  to  iv^iticin:  tbovf 
the  mercury  volaliliMvs,  while  Ihe  lixed  nieuis  M 
behind :  the  qnantity  ol"  the  latter  is  then  dctemii^ 
ueiphl,  but  the  quantity  of  die  mercury  i*  cstimaloll 
the  loss.  If  the  metals  which  remain  behinj  fc' 
iKHrome  oxidised  in  coiiSL-(|uence  of  exposure  to*' 
Ihe  ijniition  may  be  |)crformed  in  a  Kniall  ponTU»' 
blc,  over  ilw  spirit  lamp  with  circular  «itL;  I** 
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to  a  solution  cuulaining  nitric  acid,  |>rovidi-d  oniy  a  ^iifli- 
Hent  excrsü  «if  it  he  employed ;  I'or  tlie  nitric  acid  in  more 
i-fTcriuAlly  ileiitriiycd  in  the  heat  by  |)lios|>liiin)iiK  :icid  ttian 
tiy  muriatic  iiciil.  Imlccd,  the  use  ol'  the  jiliu.spliorouft  acid 
would,  on  llit.s  iiccount,  be  prel'eralile  to  thai  of  the  proto- 
chloride  of  tin,  were  it  but  possible  to  procure  this  acid  lu 
lirf,'e  quantitieä,  nitli  the  same  case  tliat  ibc  tin  saH  can  Ik 
prom  red. 

Srjitirafhm  of  MercHiy  hi/  Diafidiittnii,  ^'c. — Tiic  qnantily 
oTmerniry  contained  in  n  nubslanccHubmitled  toHmily^iit 
is  d(ieruiinc<l  in  llie  iK'St  and  nioNt  accurate  luunner  by 
reduction.  (Mher  melhoilx  ufiletiTuiiuiui;  the  quantity  of 
mercury  effect  the  object  very  incompletely.  The  pentxido 
«r  mercury  in»y,  for  exumple,  be  prtMripituled  I'roiu  solution 
by  alcalies;  but  the  pn^fipitalion  is  aUvays  iuipertccl. — 
The  quujitiry  of  mercury  existing  in  a  compound  is  often 
estimated  by  sepuratinj;  it  from  llie  other  constitnents  by 
distillation.  This  method,  however,  requires;  u  frrcitt  deal 
of  care,  and  aflbrds,  when  even  the  greatest  precanlion  is 
taken,  less  accurate  results  than  the  reduction  bymeunsof 
protocliloride  of  tin.  The  mode  of  operating  is  as  follows  : 
The  nicrcnrial  substance  is  weighed  in  a  little  retort,  and 
then,  if  the  mercury  be  present  in  the  state  of  oxide,  of 
oxy^u  salt,  or  of  sulphurct,  it  is  mingled  with  carbonate  of 
potashoruith  pure  lime.  The  potasli  iittneks  the  gln.ss  loo 
[Kmerfully ;  on  which  account,  the  lime  is  preferable :  it  lü 
best,  however,  to  employ  lime  anil  potush  loy:ellu'r;  but  it 
IH  first,  always,  lo  be  considered,  w  hcthcr  any  of  the  consft- 
itient.s  of  the  reiiiaindcr  arc  lo  be  quanti(ativcl>  deicmiincd. 
When  the  mixture  is  made,  the  neck  of  the  retort  is  driiun 
ODt  to  a  fine  tube,  which,  however,  must  not  be  too  ihjn. 
The  point  is  ihen  led  into  a  reci-iver,  «Uirli  must  etmtain 
such  a  quuiilily  of  water  that  the  uiuutb  ol  the  retort  way 
be  dose  over  its  surlace.  Were  the  neck  of  the  retort 
barely  inserted  into  the  water,  the  latter  would  risi^'  into 
the  retort,  if  tin-  heat  applied  to  effeel  the  distillation  should 
happen  to  be  diminished  during;  only  a  siDj^le  instant.  If 
the  retort  Ix*  very  small,  the  distillntiim  may  lie  {M-rl'omied 
nvcr  a  spirit  lam|i  with  cinular  wick,  ll  is  better,  how- 
ever, to  make  »sc  of  a  dtnuH  lumacc;  htii  the  operator 
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sulphiiret  ot'tnerrury  in  maxitniiin  «!' sulphur,  aw)  i 
lucrL'ttrj'.  And  u»,  tmw,  ihc  mclaJlir  ini-rcury  iskaHHl 
be  partially  Tolntilized,  nhen  exposcci  to  even  ■  wl 
f(«ntU'  <)i^^ee  »f  beut,  hu  thi^  precipitate  of  iiuJpbaMn 
mt^ruury  in  mirilrauni  of  jiiilplmr,  i»  iuviirtuhly  laaJlj 
diminish  cuutlnualty  in  WL-i^bt,  when  expused  tu  hitf  i 
the  purpose  nfbeiii?  dried,  alth(Mi«;h  the  ticat  aj^licii 
be  cxtrtnifly  mixitrate 

Hetluctivn  of  Saipkuret  of  Mercury, — If  tlie  opcnUrl 
nnt  quite  sure  that  the  Kulphiiret  of  mercury  be  bu4 
tuint".)  by  pn-cipituliuii  nitb  siilpbur<Ttte<l  hydrogrni 
p«rlei:lly  pui¥,  or  il'  be  i^  iin»illiiiK  tt»  rslimuir  tbei 
tity  of  mercury  Ifom  the  ucicibt  of  the  ätilphurct,tbiAi 
Htldilional  uperatiuii  i«  iii'cesiiary.  Xhi?  best  mciWI 
examining  ibe  sitlphuret  iit'  titrrrui-y,  is  the  tnllowi^:! 
siilphnrrl  ut' nu-iniry  i»  withered  and  cdulcoralctl  i 
»niall  liltfT  i>rtl>iii  paper.  Il  iälraiLsfcrred  »hilf  »tSl 
with  tbe  filler,  ttitu  u  pretty  lur^^e  Husk,  whi<:b  diuaI 
a  ratlifr  wide  rnuutb,  and  yet  bo  capiible  of  bein^  i 
by  a  i-lass  nlopple.  The  operator  pours  ovrr  it  »i 
small  qiiaiility  o(  dihitetl  muriatic  »cid,  i.  e.  as 
occupies  about  the  t»i-I1lh  piirt  of  (he  cuiiacilT  a(l 
flask,  ile  tbcn  Icadü  into  the  sttlution,  a  slow  rur 
chlui'ine  pu,  by  nhieb  the  sulpbtirot  of  uieix-ary  i*j 
duiill\  bill  romple(el)  deioiiipuNc«!.  The  iitcrcury  i 
uilb  llie  rhlitniir  mid  fomiis  penhluridc  nf  ntemin,«ll 
disüolvrK  ill  ibc  lii|uid :  a  [xiiiion  of  the  sulphur  ici 
verted,  in  the  mean  time,  into  MilphuHr  acid,  «bile  i 
portion  remains  undissolved.  The  whole  nf  tbr 
could,  liowe\  er,  be  made  tu  ilist^ulve,  by  coutinuitK  1*1 
the  chlorine  ^an  into  the  .solution,  during;  a  tnudi 
time.  But  the  addition  of  rbloi-ine  in  put  an  end  ti\< 
it  is  obsened  that  the  undissolved  Nulpbur  h3»ai 
yellow  rolour.  The  tube  for  coiiductin«;  the  ffa»iJ 
movwl  tnim  the  liquid,  and  very  corcfuilv  «aalirf' 
water.  The  WasV.  \a  then  exposed  to  a  vcrv  o'ntlci 
ine  heat,  till  llu-  Irce  chlorine  is  expelled. '  Alten 
llur  solution  is  littered  Inmi  tlic  sulphur*  tbe  li 
wjwhcd,  ami  the  mercury  is  rcdiircd  from  thr 
solution  by  proiocblnridc  of  tin. 
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<-X|M>xiiro  tu  ii  tiijfli  Utniprmtiiru  in  rnnt«rt  with  llie  air, 
the  rtiuaiiiiiiK  uit'lulM  arc  liidtlc  to  iiltrrulimi,  tlie  itcniliun 
muft  !«•  |>erlbrnied  in  a  Mimll  rt-tort,  Ihr  nccL  f»f  whirii, 
after  llie  vultilJlixalioii  uf  tlic  monMiry,  nitist  he  closed  ))^ 
the  lituw-|)i|>c,  wbile  Ilie  retort  in  sltll  i^itcd. 

J*rrcipUatuta  by  Sitlpkuretlfd  fft/flroi/ea  Gas,  and  SrjMrU' 
tioH  from  the  Os'ulea  i>f  Vraiiium,  .\irhti,  I'ofmU,  Zinc,  Irou, 
and MaugttnaitfUHdJ'ruai  ihe  Etirthx  and  Alcvdits,- — Mtrcurj" 
can  be  C(ttti)il(.'tt'ly  prrt^iiiittilcd  from  its  stdution.s,  vtlictlicr 
it  bo  contuiiicd  tliürriii  an  [tn-uxiili-,  pnituxidc,  »r  i-Iiluridp, 
ajid  even  ubKii  tJie  Kolulioiiit  are  ucid,  by  buiphui-ctted 
hvilroiff-n  iras.  Ttic  oxides  of  mercury  can  ihiiü  be  üepa- 
i*alcd  fruni  tbroxidcs  id*  iiniiiiuin.  lürkel, cobalt, /jnr.  iron, 
and  manKiinetHi!,  as  well  ait  from  the  caitbs  and  alcnlicu, 
siiu'e  iioiu;  «1"  these  binli es  ran  be  proci|»i!ated  lri)iii  neiil 
KoIulioiiK  by  Kulphii retted  bydn>^pn  ^as.  In  Koliilions  »I* 
protoxide  oi'  iiiei"Lury,  an  itiiineiiiale  pre<i]iitate  «d*  sul- 
pburet  ot  utcrcuF)'  is  Ibnued  ;  hut  in  solutions  of  peroxide 
and  perebloride  ul'  mercury,  tbt;  pure  black  Kulphurct  of 
meiriiry  is  only  tbrmod  when  the  current  ol'  sulphuretted 
bydmgeu  gas  has  been  parsed  through  durin<;  a  consider- 
able time.  In  iJic  beirinuing  of  the  espcrimcut,  wbile- 
rolmirrd  compounds  of  mercurial  sails  »ith  sulpbtirri  ol' 
nuTiurj,  are  pi-tMliirrd ;  an  additional  quantity  td"  sul- 
phuretted hydroeen  f;as,  however,  converlA  these  com- 
pounds into  sulphurct  o(  mercury.  II'  the  operator  kuo^vs 
Ul  a  certainty,  that  the  solution  contains  r>nly  peroxide  or 
chlciridr,  ami  mi  portion  uf  pn>toxide,  be  can  readily  cal- 
OBlate  the  quantity  of  nuTcury  t'nini  the  wc-ii^bt  of  the 
Iting  suipbnret.  Bui,  in  lliut  case,  there  dare  not 
htivc  been  auy  poroxidc  of  iron  in  the  solution ;  for  the 
sulpburet  of  meifary  will  then  be  accompanied  by  free 
^ulpbu^.  The  rt'sultini;  fiiilphtiret  of  mernury  is  tillered 
on  a  wci^bed  tiller,  and  dried  by  the  applicalion  ofa  very 
gentle  bcatt  until,  after  repeated  ueishings,  it  is  no  loader 
found  to  diminish  in  wcii;ht.  Tbc  sulpbuirt  of  mercury 
in  minimum  of  sulphur,  precipitated  by  sulpburelted 
hydrogen  jias  from  solutions  of  protoxide  of  mercury, 
cazinol  be  estimated  uith  such  accuracy;  for  it  is  liable 
to  lie  partly  derom|Mised,  even  by  a  \ery  j;cntlc  heat,  into 
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Rntl  weij^bBiJ.     It  (tt  Htill  iK-ifer,  nut  al   finl  lo< 
KiiiphureU,  but  to  liry  ihcni,  nitli  tUv  filter,  nveri 
acid,  unflf  r  th«  receiver  of  an  uir-puntp.      Wlien  timl 
been  tbus  complelely  dried,  they  should   lie  twji 
warm«),  aiit)   then  weighed.      By  <ir>'in^  the 
under  the  receiver  i>t'  the  air-pump,  the  openuof 
the  axid»tinn  (if  ii  sm»!!  |H>rtitin  »I'  the  Kalpfauret  vit 
which  is  uimvoidahle  ulu>n  the  niutxt   |in>cipiutc 
in  cüutart  nith  the  »tnioitpherc. — A   :«ii()irient  qs 
the  <lririi  Hiilphurct«  is  now  brought  iato  a  smdi 
bulb,  which  lias  a  fflasii  lulie  joined   lu  each  aide- 
ßliu^K  appnratii.s  is  tirst  weighed  empty  ;  the  «lif 
in.scne(],  thr  tulK-N  an*  c-urriully  cleuned  with  the] 
11  li-ather,  <iiitl  the  gins»  is  one«-   nuirr-  wei;died 
contents:    the  operator  thus  learns  the  (luaBUtfif^ 
»tiliihuretä  onipluyed   in   tbo  experinK>nt   which 
Gajieoiis  chlorine  is  produced,  and    in   U>iI   over 
phurets.     Thr  sitnie  Hp|Mirnliis  15  eniploytKl,  thai 
%urvd  and  dnivrihcd  at  page  77.     In  tlie  flaäk  n,  I 
iastead  of  chloride  of  Rmlium,  a  tmx.ture  uf  c) 
NcHlium  and  ja-nixiilo  of  muii|rai)e:if  must  be  pbuwL 
luixture  yield»  ehloriae  |£a.<t.  Hheii  the  opcrutursr 
pours  into  the  flask,  by  tlie  funnel  A,  m  nuxtarcl 
concentrated  sulphuric  acid,  v>ith  alnuit  au  eqnxll 
or  water.    The  ^ncou«  rblorine  is  perlW-tly  freMI 
moisture  by  the  rlilohde  of  cab-ium  in  the  tul)r<<^ 
th('  »hole  iipparalus  is  iilleil  with  chlorine,  the  1 
applies  a   very  uiotlemtc   heat   to   the   sulptiui 
bulb  e.     The  first  conipoiind  dis4-iifEBs:e(l  in  cl 
siilphnr,  which  ilov.s  into  the  i\a.gk  aud  is  «let 
the  water,  a  deposition  of  sulphur   tukiitt;  pU 
uietaU  also  coralline  \tith  the  chlorine,  and  i1k>i 
perchlohd»  of  mercury  ran  br  complotply  st^itanl 
the  chloride  of  co|j|kt  by  llu-  uppliratioii  of 
far  frcun  the  bend  of  the  i;lass  tube,  n  äubliuiuteofj 
crystals,  consisting  of  pen-tUoride  ol'  meirriir^'.  u  1 
Thette  crystals  are  so  abundant,  that  a  tclaiü  luf*<'' 
small  diameter  wouhl  soon  be  ulixtructcd  bv  ihtm 
oiK-rator  contmuatly  drives  them  oiiwanl  I'nJm  tk' 
by  applying  the  flame  of  n  »mall  spirit  lamp;  «adti 
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Hcparafioii  from  A'ifrir  Acid,  hy  Sulphiirettftl  iit/drogra 
Gat. — This  metiiod  caii  also  br  vmpl<>^  ei)  viiien  tlic  mer- 
curial solution  <'(>nlains  a  consideralilf  q»«ntity  ul"  nitric 
aciil,  a  rune  in  ubit-h,  as  has  been  oliwneil  above,  the 
inuncdiate  estimation  of  the  luercüry  by  nioaus  of  |>roti>- 
rhloriite  of  tin  is  inacrnrate.  The  nitric  arid  solution  i» 
subjctlfd  to  tim  Ill-lion  nf  sulphuretti-d  hy(ln»),'cn  «ii-s,  and 
the  rcj^ultin;:  »utpburct  of  inercur>'  iij  tre4ttrd  in  tlic  mnnnrr 
juMi  destTibcd. 

Precipitalian  by  BiAtfdrviulpliuret  of  Ammoni/i. — Mercury 
can  l»e  fnlly  preripitated,  but  only  in  tbe  ruld,  fnini  neutral 
or  ali'itlinc  Mnliitions,  by  biliydniKulphunM  <if  ammonia. 
An  e\re.ts  of  the  precipitant  dut-s  not  dissolve  the  preei- 
pilut«  in  tlie  r-old.  It  is  proper,  however,  to  treat  tbe 
»iiilphurct  of  mercury  thus  olitaincd  with  chlorine  gas,  and 
to  reduce  the  mercnry  from  the  solution  of  percbloride  of 
locrcurv,  hy  means  of  pmlochloride  of  tin.  To  rcrkon  the 
<|aHntily  of  mrn'ur\-  fn)m  the;  weight  of  tbe  sulphurel  of 
merrur>,  ta  a  method  that  frives  a  \c.sn  arturate  resulu 

SepnrulivH  frvm  Oxide  of  Silver. — Peroxide  of  niercin*y 
IS.  fully  ttepanited  from  oxide  of  mlver  by  muriatic  arid, 
which  precipitates  ttie  »liver  oloue.  Tlie  ttolution  iit 
filtered  from  the  chloride  of  silver,  and  the  mercury  is 
either  iinmetliutely  pi-c<ipitut«Hl  by  pmtwhloride  of  tin, 
ur  if  too  much  nitric  acid  i»  prcAcnl,  is  lirst  subjeclcti  to 
the  action  of  sidphuretted  hydrogen  ^VkS. — When  a.  roin- 
|Mmnil  of  pi-oti>\i(l(>  of  menrury  mid  oxide  of  silver  is  to 
be  analysed,  the  protaxide  must  ftmt  be  converted  into 
pcmxide.  This  oxidation  is,  in  most  cases,  cflcctcd  by 
digesting  the  dry  tsubslantc,  or  it»  solution,  nitb  nitric 
acid ;  heat  heinx  applied  to  the  mixture. 

Srpamiion  from  ffie  Oxides  of  Copper. — ^Tho  oxides  of 
merrury  are  best  separnteil  from  the  ovidrs  of  cop|>er  bv 
the  process  which  follows:  The  solution  i«  diluted,  an'l 
sntpburct  of  copper  and  sulplmrrt  of  mercary,  arc  preci- 
pitated by  a  stream  of  sulpiiurclled  h.vdmpen  k»»-  When 
mercury  is  present  in  the  state  of  protoxide,  il  is  previ- 
ously nci'cssflry  lo  convert  it  into  ]»croxide.  Tbe  resulting 
sulphiiretHarelikerr  t,:uiil  rapidly  edulcorated, on  a  »riyhed 
lUlor;  they  arc  then  cautiously  dried  by  a  very  gentle  heat. 
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»ikI  wfijfhfHl.     It  is  Ntill  iH-thT,  mit  at  unit  to  »ami  the 
Ktilphiiwl«,  hut  (u  dry  tlu-iii,  nilh  tlii-  filter,  over  sulphuric 
acid,  under  the  receiver  of  an  ;iir-piiiii[).     Wlirn  tht-y  liovc 
been  thus  completely  dried,  they  should  be  very  Keutly 
warnipd,  and  then  weishcd.      By  (Iryittis  the  prccipiiaio 
linder  the  receiver  of  the  air-pump,  the  operator  preveniH 
the  oxidation  of  asniall  portion  t)f  the  xulphürct  of  copper, 
which  is  uimvüidahle  when  the  uiuist  precipitate  ia  dried 
ill  contact  with  the  utniosphere. — A  suffirient  quantity  of 
the  dried  siiIphuretH  is  now  brou^^hl  into  a  siuall  )rl>L-<!i 
bulb,  which  ha.6  a  ^las»  tube  joined  to  each  side.     Tbo 
plas* apparatus  is  first  weighed  empty;  the  sulphurcts  are 
inserted,  the  lulirs  are  rarcfnlly  cleaned  »ith  the  plunic  vi 
a  featlier,  and  the  s^ass  is  once  more  weighed  with  Ha 
rontenis:   Ihc  operator  thuij  learns  the  quantity  of  the 
Milphurets  eniploycd   in   the  expcritiicnt   »hich   lidloHs: 
Gawous  chlorine  is  produced,  and   is  led  o%-er  the  sul- 
phiirets.     llie  »Jiine  apparntiis  is  employpil,  that  has  bera 
li^ur<-d  uml  (icscrilicd  at  pa;£i;  77.     In  the  Üask  n,  liowever, 
instead  of  chloride  of  sodiaui.  a  mixture  of  chloride  of 
sodium  and  peroxide  of  niuntrancse  must  )>e  placed.    Iliis 
mixture  yields  ehhirine  gas,  when  the  operator  gradually 
pours  into  the  tlask>  by  the  funnel  li,  a  mixture  fonued  uf 
concentrated  snlplmric  acid,  with  about  an  e(|URl  volume 
of  water.     The  gaseous  chlorine  is  pcrfcclly  freed  from  all 
moii^ture  by  the  chloride  of  calcium  in  the  tube  d.     W  lica 
the  »hole  apparatus  i.f  lilleil  nith  chlorine,  thc>  ii|H'ratur 
applies  a  very  luuderate   heat  to  the  sulphuifts  in  the 
bulh  c.      The  Ürst  compound   disen^a<:ed  is  chloride  of 
tfulphur,  which  flons  into  I  lie  fla^k  and  is  dci:omvHis«l  by 
the  water,  a  dcpositiou  of  stilphur  taking;  place.     Tbo 
nielals  also  c*mihine  with  the  chlorine,  ami  the  volatile 
perchloride  <if  mercury  can  be  completely  separated  from 
the  chkiriile  of  copper  by  the  application  of  heat.     Not 
far  from  the  Iwud  of  the  dasK  tulx-,  ii  sublimate  ofslendpr 
crystals,  consistiit};  of  pcichhtride  of  mercury,  is  obsrrvcii. 
These  crystaLs  arc  so  ahuudaat,  that  a  glass  tul>e  of  verj' 
small  diameter  would  soon  be  ol>structed  by  thero.     The 
o|>eralnr  cuntriiiially  <tri\es  them  onuani  t'niiii  the  hiilhr, 
by  applyiDf^  the  flame  of  a  small  spirit  lamp;  and  when  m 
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iiuw  cryslals  urr  suMimfnl,  lir  teased  to  lieat  the  bull»  e. 
MlicD  the  apparatus  is  quite  cold,  the  part  of  the  jrla-ss 
lubo  which  coritiiiiis  the  itnbVimMe  in  cut  off  with  a  file, 
and  the  sublimate  ia  washed  uitb  uatei*  into  tlie  Hask,  in 
ihc  liquid  of  whirh  the  rrystnlri  diSMilve.  The  Qask  is 
then  t'luKcnl  i%it)i  ihr  :;ltiKx  stopple,  and  i»^  plarinl  in  n 
moderately  »ann  »ituatioo.  Alter  bcintc  nllowcd  tu  cool, 
the  insoluble  sulphur  is  filtered  I'nim  the  wdiition.  If  the 
disen<ra;;eßient  i>t'  ddoritie  i;as  has  been  too  loiii;  roii- 
tjnne^t.  the  whole  of  llie  sulphur  is  oHen  dissolved  and 
(mnvcrtefl  into  sulphurin  acid.  The  svdutiiin  tilleinl  from 
thf;  sulphur,  inusl  Ik:  healed  in  roiitact  "ith  tin*  air,  until 
rhe  smell  »f  rhiurine  is  no  l(in);rr  p(>rrc|itible.  It  in  unne- 
cessary to  heat  the  stilution,  ulion  it  doe»  not  Muell  of 
free  I'hIoHn«-.  The  luenurv  is  then  preripitated  by  a 
solution  of  prolochloride  of  tin. — The  bulb  e  eoatainü 
merely  the  chloride  of  copper.  It  is  imposdible  to  deter- 
mine the  quantity  of  copper  from  the  weijflii  of  the  chlo- 
riite;  the  bitter  being  aluiiys  a  mixture  of  per<-b]oride  and 
prolnrhloriile  of  copper  in  uncertain  proportions.  The 
irreater  the  heat  employed  to  warm  the  bulb,  the  Kreuter 
the  <|uanlity  of  prolochloride  produced,  llie  <:la88  tube 
and  the  bull>  e  are  plun»'ed  into  water,  to  which  muriatic 
arid  hau  twen  added.  At  first,  a  precipitation  of  proio- 
rbioridc  of  copper  takes  place  ;  but  in  consequence  of  the 
)M*esenct>  of  iitmoKpheric  air  and  muriatic  arid,  the  proli>- 
chloride  in  .speedily  cunverled  into  piTL-iuoride,  and  when 
the  »olution  ix  wanned,  the  whole  di.ssolves,  A  solution 
of  caustic  potash  is  then  added,  and  the  mixture  iK-ini* 
beat«^,  the  copper  is  completely  precipitated  in  tlie  state 
of  deuloxide. 

The  analyst  fimis  in  this  manner  the  relative  propor- 
tions of  mori'ury  nad  copper  in  the  ^^^iKhed  quantity  of 
the  mixed  sulphurels  employed  in  the  experiment.  Il« 
can  conspqticntly  a.Mcrlain,  by  calculation,  (he  quantity 
of  tJte  tuo  mctalü  contained  in  the  uhiile  mass  of  .sul- 
ptiorets,  which  was  gathered  upon  a  weiL'hed  filler  in  the 
early  piirt  of  the  analysis. 

When  oxide  of  copiKjrcxitilä  lu  solution  Mitli  the  oxides 
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«r  tiiercriirj'.  thfir  qiiHntitative  rxtimation  ran  lie  cfHrted 
by  a  <4)Ui]>lfr  pruct'its  iliaii  ttie  prt-redtii^.  ilutti  iiii-taU 
arc  preripiUtted  by  siilphuretlctl  hydroyren  e^s',  the  sal- 
phurt'i»  arc  driod  in  a  inodcralely  warm  place;  and  then, 
being  put  into  »  retort,  ihp  xiilpliitret  ol'  iiinrcurr  and  n 
pfirticm  of  the  sulphur  of  the  Kulphurel  ol'  cupper,  are 
«xprlird  Uy  heat.  Sulphiirct  ol'  rop|H>r  iu  miuimum  uf 
Mdptiur  reiuiiiiis  behind.  This  is  CDoIed,  and  weij-bcd. 
Diirinj;  the  coolin;^',  the  air  should  be  kept  away  from  it 
an  eS'i'Ctually  hs  poitsible.  The  qiiunlity  ol'  copper  1.1 
calculated  from  the  weight  of  the  sulphuret.  But  in  this 
r.ivic,  the  qiuintity  uf  (he  sitlphiirrt  iil'  mercury  is  ilifBcult 
of  flrlrniiinalioii ;  ou  whirh  an:umil.  the  ulhcr  method  of 
analysis,  though  \e&s  simple  than  this,  is  slill  prL-ferablc. 

SrfMrnfio»  front  the  Oxiäeg  of  Lead,  Ay  Stttphurrtti-d 
H^tlroijen  Gits. — The  oxides  of  mercury  can  (»c  Kejturatrd 
from  the  protoxide  of  lead,  in  (he  »anie  manner  as  from 
the  dcittoiLidc  of  roppiT.  Tlii.s  nicthod  is  indispnlably 
prvft-ruhle  to  tJiat  iu  which  protox^idt:  of  h-ad  tu  .scparutcd 
from  the  oxides  of  men^ury  hy  means  of  sulphuric  acid. 
Siippiv^ioK  the  {txidi'S  of  Ities«  two  metahi  to  hiive  been 
precipitated  from  a  diluted  solution  hy  xul]>hur(!tted  hydn»- 
gen  ^i,  the  resulting  sulphurets  arc  to  be  dried.  1%« 
dryiiiK  need  nnf  be  efl'crtrd  in  tlin  vacniini  of  the  air-pump. 
»incc  neither  tlie  sulphuret  of  lead  nor  of  mercury  I>ecume9 
oxidistH]  when  dried  in  Ihc  0)>eu  air,  while  the  contniry  is 
the  case  witli  the  sulphuret  of  copper.  In  decomposiD;; 
the  Nuipbureis  of  lead  and  nicr<:ury  by  ^Lseoiis  chloriiH-, 
care  must  be  taken  to  apply  only  a  very  ftentlc  heat  to  the 
bulb  e,  as  the  application  of  too  strong  a  decree  of  faeat 
could  elTecl  the  voUtlilization  of  n  portion  of  cbluride  oi 
lead  ill  company  with  the  rkloride  of  mercury.  It  is 
possible,  in  thiK  case,  to  calculate  from  the  wt-ipht  of  tlic 
chloride  of  lead,  the  cjnantily  of  protoxide  of  lead  citii- 
taincd  iu  tlie  .substance  submitted  to  analysis.  The  pro- 
cess is  therefore  easier  than  with  Ijic  chloride  of  copper. 
That  portion  of  the  ^:Iass  tube  which  contains  »ublimed 
perchloride  of  mercury,  is  cut  off.  The  bidb  e  is  tben 
weighed    with  the  chloride  ol  lead    it    contains.      After 
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which,  the  citloridf  itC  Icail  is  disMiIvrd.  and  lite  einply 
bulb  is  wiiichfd.  dried,  and  a^iii  wri|;hvd.  lu  thi»  inaiiiKT. 
ihe  »i-i^hl  of  ihe  chloride  oi'  lead  iit  found.  The  equiva- 
lent qtianlity  of  protoxide  of  lead  is  Iheu  reckoned. 

Separation  from  the  Oxides  of  Lead  by  Mvruitic  Acid. — 
Supptwint;  the  opernlor  to  have  for  exaniinatiun  h  dry 
compound  of  peroxide  of  mercury  with  any  one  of  the 
oxides  of  lead,  the  aniilyxis  cfin  Ik*  executed  by  an  easier 
|iror«-.s!(  tliiin  the  preeediiit;.  The  compound  m  treiiled 
nilh  mtiriutic  acid,  which  producejt  chloride  of  lead  and 
perchloride  of  mercury.  If  the  compound  contained  per- 
oxide of  lead,  and  not  the  oi'dinnry  protoxide,  »  disDnjraec- 
mcnt  of  free  chlorine  laLe»^  place.  The  exccK«  of  muriatic 
acid  lA  expelled  by  evaporation,  for  which  a  very  f^^ntlo 
inal  is  used.  The  reniaindt-r  is  then  treated  with  alcohol, 
''lAich  dis.<iol%*rs  the  perrhloride  of  mcrrurj-,  and  leaves  tho 
chloride  of  lead  nndissüheil.  Thi.s  \x  fdlcn-d  upon  a 
weighed  tiller,  waiihcd  with  alcohol,  dried,  and  weighed. 
The  alt^ohiilir  wdutiim  of  |>iT<:hlorifle  of  nien'iiry  is  mixed 
with  water  and  e\Hpontled  liy  a  very  genüe  heat,  lo 
expel  the  alcohol ;  the  mercury'  is  iheu  precipitated  hy 
protochloriHe  of  tin. — When  protoxide  of  lead  and  per- 
oxide of  mercury  in  solution  toother,  arc  combined  with 
un  ncid  which  can  be  expelled  hy  muriatic  acid,  the  pre- 
Kenl  methml  can  be  a1st>  employed  in  that  rase.  The 
solution  is  mixed  with  muriatic  acid,  the  excess  of  add 
is  fully  expelled  by  cvupi^>ration,  and  tho  residue  is  treated 
with  lUr^hol. 

Srjmriition  frnui  liisnintfi  und  Cndiniuta. — Xo  arfunite 
methods  are  known  of  separating  either  the  oxides  of 
mercury  from  those  of  bi.smuth  and  cadmium,  or  metaUic 
liisinulh  and  radiniuni  fn>in  metallic  mercur)'.  As  the 
oxides  of  bismuth  and  cadmium  are  not  reduced  by  pruto- 
chloride  of  tin  or  phosphorou»  acid,  it  would  be  pusäiblo 

eslünalu  by  means  of  these  reajifents  the  quanlity  of 
JXide  of  mercury  contained  in  the  subxtanee  submitted 
TO  analysis.  Phosphorou.s  iicid  is,  in  this  case,  to  be  pre- 
ferred to  protochloride  of  tin ;  liecanse  the  oxides  of 
kiämatb  and  cadmium,  contained  in  the  Holution  filtered 
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fnmi  rhf  reduced  merciirj'.  must  bt»  precipitated  I>y  sul- 
jjliurclteil  hvdro^en  fpis,  und  nllcrwards  rstiinatft)  in  llio 
manner  which  has  been  described  in  a  preceding  scclinn. 

Sejjfiralin»  of  Proln^'tde  of  Mernirtj  from  l'rroxülf  of 
Aftrruri/. — Whrn  a  .snliition  rontuiriK  both  protoxide  and 
peroxide  of  mercury,  aod  the  quantity  of  each  is  to  be 
estiniuted,  tb«i  koIuIiuii  is  mixed  with  muriatic  acid,  uhirti 
prec-ipit3t(rs  the  protoxide  in  tbe  ittate  of  protocblorii)i>. 
The  solution  must  previously  l>e  diluted  with  a  taree 
quantity  of  water,  particularly  when  it  is  acid.  The 
protochloridc  of  mercury  is  filtered  upon  a  weighed  filter, 
and  dried  at  an  extremely  f^entlc  heat,  as  lonjr  as  it 
contioueti  to  diminish  in  wei^'bt;  the  weight  of  it  is  theu 
taken,  and  the  equivalent  quantity  of  protoxide  of  mer- 
cury is  ralcwliilrd.  The  peroxide  of  nienurj-.  contained 
in  the  Mitnlion  Itltrred  from  tlie  pnKixrbiiiride  of  mercury, 
id  precipitated  after  one  of  the  methods  already  described : 
fnan  the  weijiht  «tf  the  mercury  obtained,  the  <|ii;intity  of 
the  pero\i(le  is  ewlrulated.— In  ihe  pn'<-ipitation  of  tin- 
protochloride  uf  mercury',  Ihe  precaution  rnunt  be  obserTMl, 
es|»ecial!y  when  «ilric  arid  is  prpscnl,  of  dilutinir  the  sola* 
tion  witli  a  very  laore  quantity  of  water ;  for  otherwise,  a 
small  portion  of  tbe  protochioride  may  be  converted  iaio 
perchloride  and  remain  in  solution.  Farther,  the  rcsuldnt 
protochioride  of  mercury  must  not  be  tillered  immcdialely, 
but  allowed  to  repose  some  time.  But,  above  all  things, 
the  appHration  of  heat  must  be  avoided;  because,  witli 
heat,  the  addition  of  muriatic  acid  alone,  is  sufficient  lo 
convert  the  protochioride  of  mercury  into  tbe  percfaloridc, 
the  conversion  being  accompanied  by  the  separation  of 
rt'iriili»e  mercury. 

If  the  substance  which  contains  the  protoxide  and  per- 
oxide of  men'ur}'  lie  insoluble  in  water,  it  must  be  trpatcd, 
in  the  cold,  with  very  dilute  muriatic  acid,  [n  most  cjurs« 
the  pnitoxide  of  mercur>'  then  remains  undissoKed,  in  tbe 
state  of  protochioride  of  mercury.  The  peroxide  at  tko 
same  time,  becomes  perchloride  and,  dissolviof:  iu  the  aciil, 
forms  a  soUition  trom  which  the  mrrciirj-  is  afterwardi 
reduced.      If,  however,  the  insoluble  mixture  of  oxides 
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contain!)  nitrir  »cidr  it  is  i^od  lu  dissolve  it,  in  iho  iirrit 
pittre.  111  very  tlilule  nitm  arid,  ami  then  tn  a<M  muriatic 
arid  to  tbe  »olutioii.  If  niiiriHiit'  urid,  t-rcn  in  a  diluted 
stale,  were  to  be  added  to  u  dry  »ubstunce  coiitaiiiiu^  Uic 
tno  oxides  of  mercury  in  conlbnnACion  with  nitric  acid, 
then  the  protoude  of  mercury  could  be  dissolved  tia  per- 
chloride  ofnicrt^ury. 
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Prppijntation  antl  Beduction. — When  rhtKliuiit  exists  in 
»olmioii  A»  [leroxideor  pertrkloridt-.itcHii bebest  Lstimaleil, 
according  III  Iti':RXBl.ii'S(Po»(;BNUORi'f'K  Annal.B.  mil 
p.  A'A),  by  tlie  process  which  follows:  The  s*»lution  in 
mixed  with  nil  exeess  orc^rbonatc  of  itoda,  and  is  evapo- 
rated to  dr>na)M.  The  dry  residiir  is  then  i(;nited  in  a 
platinuta  erurible.  Ujxm  (Hs.iiilvin<^  Uie  mans  iii  water, 
pemxide  of  rhodium  remains  iKhinil,  which  i.s  broug'bt 
U)Hin  a  tiller  antl  ttlulcomlcd,  lirnl  with  nniriutie  acid  and 
arterward.t  with  water.  It  is  then  ignited  with  the  tiller, 
and  HUbsM-'quently  reduced  by  hydroiren  gas.  The  reduction 
is  very  ca«Uy  ciTeeted.  The  n>Huliiiii;  metal  is  wuij^hed. 
ThiM  rediirtioii  by  hydrogen  •^as  laii  be  performed  in  the 
same  nianni-r  a.s  the  rctlitction  of  oxide  ol'  cohtdt,  an  opera- 
lion  which  has  been  dcserihcd  at  |)ugo  KS.  The  rctluclion 
of  peroxide  of  rhodium  is  so  readily  elfeetcd,  tJiat  it  is 
K<-ari*rly  niN-essary  lo  assist  the  aeLion  of  the  ^a»  by  ibe 
upplieatioii  of  heat. 

SfptutttliiH  from  other  Metal». — It  is  dlfficidt  lo  separate 
rhodium  Iroiu  other  nielals  in  solution ;  ior  allbou^li  siil- 
phnrcttcd  hydro^n  g«s  acts  u.s  a  precipitant  of  rhodium, 
it  does  not  preeipital«  it  fully.  RluMlium  i>erurs  in  nature, 
however,  combined  with  very  few  of  the  HubKiaiices  wbirti 
have  been  treated  of  in  tlic  foregoing  sections :  it  is  there- 
fore unncceH.sary  to  state  here,  how  it  could  be  separated 
from  them. — Kbodium  id  found  only  in  the  ore  of  pla- 
tinum; and  with  respect  to  the  nuinner  in  which  it  is 
S(f])aruted  from  the  metals  which  accompany  it,  the  dc- 
•tt-ripdoii  of  tlic  processes  will  be  ijiven  in  the  article  ou 
platinum. 
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Methnri   of   tlissalvlni/    lihodimH.  —  Rhodium    has    Uem 
employed  of  Into,  tu  Ibnit  ulloys  liy  cMtnliiiitilitpii  in  kidhII 
pn>portioas  with  other  metals,  for  example,  with  steel. 
As  metnllif  rhodium  i^  insoluble,  oven  in  aqua  recia,  it 
might  Iw  siippoNed  csipable  of  easy  Separation  Irnm  other 
metals  hy  means  uf  simple  acids.      Yet  in  atloys,  the 
rhodium  very  often  exiitt.s  in  siirh  ii  condition,  that  it  is 
directly   dissolved  with    llic   other  mctiil»,  f%'en    by  the 
simple  acids;  while,  on  the  contrary,  it  hinders  in  many 
cases,  (he  perfect  »olutiun  of  the  oilier  metal»  hy  adds. 
To  dissolve  rhodium  with  ease,   Bkrzblius  (Pnccex- 
noKi'p'.s    AnuiiU-n,     B.    \iii.   p.   4i"jä),    rcrommcnds   the 
enipluyiiK-nl  of  Itisulphule  uf  )>otUHh,  with  wtiirrh  the  rhu- 
Uiiim  is  to  be  subjected  to  fusion.     During  the  i^tion, 
the  rliodiimi  diSKolvi's,  und  the  cÜKsoIution  is  accompanicil 
by  a  itisengugemeiit  of  sulphurous  acid  giis.     The  di<i- 
solution,  however,  is  effected  but  slowly.    Tlie  platinum 
crucible  must  be  closed  durinß  the  ignition  by  a  covrr 
whicTi  shuts  well,  to  cbeclc  the  too  rapid  YOlatiliKation  of 
the  excess  of  acid.    As  soon  as  the  saline  mass  becmnes 
fixed  and  rTjutallinp  at  the  «iirface  wlicii  the  cover  is  re- 
moved, ilie  (  rucible  must  be  taken  fnmi  llie  tire  and  cooled. 
The  .sail   is    then  dissolved    in    boiling  water,    and    tltr 
undissolved   residue  is   treatetl   with  a   fresh  )H>rtion  of 
bisulphate  of  potash.     The  melted  suit  is  red  and  traav 
parent,  when  it  contains  but  little  rhodium ;  bat  appears 
dark  and  black,  when    it  is  nearly  saturated   with  tbr 
metal.      After  cooling,   it  is  either  of  a  darL  or   briglii 
yellow  colonr,  accordinjf  as  the  quantity  of  rhodium  it 
contains  is  niim*  or  \cxi  conKiderable.     By  cold  ivater  it 
is  .slowly,  by  hot  water  rapidly,  dissolved.    The  solution 
is  yellow-^Su  lonR  as  the  salt,  coniinue^  to    rcceire  B 
colour,  the  reineltins-  must  be  repealed.     In  order  m  avoid. 
in  analyse.^,  the  employuient  of  too  great  a  tjuantitv  of 
bisiilpliate  of  potash,  the  operator  may  supply  sul]>haric 
acid  as  follows:  When  the  bisulphate  of  potash  ap)ican> 
to  have  lost  the  greater  part  of  its  free  acid,  weighed  por- 
tions  of  distilled  sulphuric  acid  m;iy  be  added  to  tlif 
mixture,  the  whole  cautiously  heated  till  the  water  of  the 
acid  is  expelled,  and  the  fusion  thereupon  tir  continued. 
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Tbe  iDSoloblti  n-sidiie  tnu-st  ulwiivs  Ih-  orten  remitted  witli 
bisulphate  of  potaüti  in  Irc^^h  (|U!iiitUies,  till  the  operator 
has  nsKarcd  bimscir,  by  the  colourlc«?  appearance  of  tJio 
ÜBXf  timi  tilt-  salt  run  dissnlve  no  more  rhodium — that 
DO  mon:  rbudium  U  piynenL — By  thLs  process,  rhodium 

»^aa  be  M'piiralcd  from  ull  melulü  which  arc  DOt  attacked 
Vf  binuipliule  or|Hitu.sh. 

^ejMralion  fruat  Coppcr.—lf  ihodima  and  noppcr  Ih!  <H»n- 
taiiied  in  a  «dutinn,  Ihcy  mny  Ik*  si'parwted,  accordine  to 
Ber/.ei.ils,  in  lliR  rullouiii^  iiianuer:  The  Miliition  is 
poumd  into  a  Qask  uhich  is  Inniished  with  a  ^tasit  stopple, 
and  is  therein  .satiirati'i)  with  sulpliurcltcd  hydrogen  gas. 
The  Husk  i»  then  cttisc'd,  and  allowed  Id  remain  fur  twelve 
hoiirä  in  a  vrnmi  situation.  Thi>  »ulphiirct  of  copper  is  in 
iJiat  time  liiUy,  and  the  Kulphuret  of  rhudiuui  for  tht;  niuiit 
)>arl,  pre<'ipitated.  The  solution  is  filtered,  and  being 
heated  and  cvaporateil,  yield.s  a  fresh  portion  ol"  siilphtiret 
of  rhodiiitu,  whii'h  in  uddcd  tu  tliu  other  sulphurvl^.  These 
are  placed,  while  still  uoiät,  in  a  platinuut  crucible,  and 
are  roaälc-d  as  tons;  as  f^tilphtirou»  acid  ia  exhaled.  When 
the  rouätinj^Li  ünished,  the  mass  in  subjectud  to  the  action 
of  eoDccntrated  muriatic  acid ;  the  sotation  so  produced 
has  a  creen  colour,  <Kra-sionc<i  by  thr  pn-.scnre  of  basic 
Hulphutc  of  copiM'r.  I'lTuxidc  of  rhodium  remain»  undis- 
noUrd.  Tlie  dcutoxide  of  copper  is  precipitated  fn>in 
solntion  by  caustic  poiasb.— The  liijuid  filtered  from  the 
sulphiirets  still  contuius  a  portion  of  rhudiutn.  To  olitiim 
this,  the  solution  is  first  freed  rn>m  •mlphuretted  hydro^n 
i^  lieiit,  and  is  Ihrn  treated  willi  carbonate  of  .<iodii  Jn  the 
banner  described  ubovc.  The  retfuUiui;  jM-'nixide  (»frhiMlium 
is  rcductH)  by  bydruf^en  Kas,  and  the  laclallic  rhudiiun  is 

wei^wd. 

Separation  from  Irtm. — Khodiiim  occurs  not  only  in  coio- 
binutioa  wUh  copper,  but  with  iron.  From  tbe  latter,  il 
can,  accordinir  t»  Kkrzrlius,  be  sepuruteil  in  the  follow- 
ing  manner :  The  t,Tea(er  part  of  the  rhodium  is  pn-ctpi- 
taled  from  the  acid  solution,  by  a  current  of  sulphuretted 
hydrofren  mis.  The  prccipimtcd  sulphurct  of  rhodjiuu  is 
converted  by  roasting  into  pero-vidcofriKidium.  The  filtered 
solution  is  mixed  with  nitric  acid  and  wanned,  to  convert 
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tbe  protoxide  uf  iruii  iiilo  |M>ruxicIo.  Tbe  |ieitixi<le  ot  iron 
!■  tlit'ii  prccipitntcil  by  tausUc  animunia.  Thp  precipitate 
is  wash  eil,  iKnitcd,  and  weijAcd.  The  resulting  {Hrroxidv 
of  iron  »til]  toiituitLs  dmdiuia,  nnd  the  tullcr  i;\iäts  in  lbi& 
ea.se  ill  tiui-li  a  state,  that  it  is  capable  of  beitiK  dusiilwil 
witli  ihu  p('ru\i<)f!  (if  trtiii  hy  miiriiUic  acid.  Tbi'  pt'roxidt- 
of  iron  is  tht-returf  rciluteil  hy  hytln>(,tn  pas,  and  tbe 
mutal  is  dissolvrd  in  muriatic  ai'id,  which  must  at  last  be 
warmed.  Tlie  small  portioa  of  rhodiwin  then  rt-niains 
behind,  in  a  conditiuQ  which  ]iaa  act  yet  liv<,-Q  dctcnuiiicd : 
it  is  converted,  however,  by  i^nitioo  in  tJie  open  air,  into 
penixideof  rlindium.  Its  weiijlit  is  dediirtwl  from  that  of  the 
periixidu  nf  iron,  aud  thi;  iiiiantily  of  Iruri  is  thcu  calcu- 
lated.— Tlie  solution  from  which  tJic  peroxide  of  iron  »a& 
precipitated  hy  caustic  ammonia  stUI  contains  a  litiir 
rlindimn.  Tliis  is  otttaiuvd  by  mi\in<:  the  solution  nith  a 
sullicicnt  quantity  of  carboantc  of  soda,  eraporatin):!  it  to 
dryiic.<H,  ifrnitinir  the  residue,  aod  trt^atiiig  it  with  hot 
water.  Tbe  peroxide  of  rhodium  then  remains  undissolved. 
The  dilTercnt  portions  of  peroxide  of  rh<i<Iiuni  furnished  by 
tbe  analysis,  arc  mixed  together  and  reduced  by  bydnigcD 
gas. 

Separatian  from  Almlim:  Chlorides. — When  rhmliuni,  in 
die  state  of  perrhh)ri<le,  is  combined  with  alcalinerhlorides, 
and  is  to  U-  ijiiantitatively  separated  ihcrefrom,  the  sepa- 
niLioiiean  hr  very  easily  effetted,  according  lo  Brrzklius 
fPoccBNDuitFF's  Anoal.  B.  xui.  p.  439),  by  the  proccso 
which  follows:  A  <|u;uitily  of  th«  ehlorideu  is  weighed  in 
an  apparatus,  sueh  as  that  described  at  page  Hd.  It  is 
therein  exposed  to  heal,  and  to  a  current  of  hydrti^co  gas- 
The  operation  is  conliniird  until  white  clouds  arc  no  lui^r 
produced,  uhcn  »  ?Ias.H  rod,  inoislened  nilh  ammonia, 
is  held  at  the  end  of  the  apparatus  where  the  hydrogen  gas 
escapes.  Tlie  plass  bnlb,  in  which  the  sulvstance  fur 
analysis  was  placed,  is  then  weij^ied.  The  n-sidue  is 
dissolved  in  water,  and  the  reduced  rhodium  is  liltered, 
dried,  ignited  in  a  carnrnt  of  hydrogen  ^as,  and  wei^be^> 
l^e  lillen-d  liquor  is  evaporated  lo  dryaess,  and  the  dry 
mas»  iä  ij^nitod  and  weighed. 
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XXVI.    PALLADIUM. 

Precipitation  fry  CyoKuret  of  Mermrt/. — Pallildilim,  ac- 
cnrdinft  lo  Woi.lastov,  can  be  best  precipitated  Iroci  its 
S(»lution.s  hy  a  solution  i>f  cytniiirct  «f  rorn-ury.  When 
ihe  soluttnn  ciintairLs  but  a  .stiiiUI  quantity  nf  pnliiiiliiitn, 
the  cynnuret  oT  mercury  doc»  not  produce  an  iniuiediate 
precipitate;  after  some  time,  however,  the  solution  he- 
roines troubled,  and  deposits  a  bright  yellou'  precipitate, 
which  heconics  yellowish  grey  on  Iw-ing  dried.  After 
t^iitiiiii,  metaJlir  |iitlludiuin  ri-niajns  iK-hind,  and  rim  he 
weighed.  DuriuK  tlie  iKuitioii,  the  palladium  iKHTomc-s 
blue,  hul  acquirea  no  perceptible  increase  of  weicht. — It 
is  nore><5iar)'  to  ui-uirali.>ie  Iho  sohition  uith  soda,  should 
It  be  arid,  previous  to  adding  the  cyanurct  of  mercury'. 

Precipitation  hy  Sulphttrfftrtt  Hydrogtu  Has, — Palladium 
CBD  \t<:  preei|>itali-d  Tnini  ticid  .solutioius  by  sulphuretted 
l^roiren  (.'«s.  It  ran  therefore  be  thus  easily  separated 
frotn  iron  »nd  other  metalR,  which  are  not  precipitated  fn>m 
arid  solutious  by  thai  reagent.  The  requiring  sulphurct  of 
palladium  is  converted  by  roasting  into  ba-oic  sulphate  of 
]Hilladiuni.  Thi.s  suit  is  dissolvefl  in  muriatic  arid,  and 
the  solution  is  neutralised  by  soda  and  precipitated  hy 
cyanurel  of  mercurj'.  The  cyanurct  of  palladium  in  then 
ignited,  as  was  nicntiimed  in  the  precediui;  (raragraph. 

Sejmmtio«  from  aioxl  of/in-  Me(ah. — Partly  by  »iil- 
phureltcd  hydrogen  gas.  but  more  particularly  by  ryantiret 
of  merrury.  can  palladium  be  separated  from  neariy  all 
the  metals  witli  which  it  may  o<.Tur  in  comlwnation,  ex- 
cepting copper.  It  i.i  found  in  com]>aiiy  with  the  latter  in 
crude  platiuiim,  and,  according  to  Bkkzülii's  (Pogrbn- 
durff's  Aiinulen,  B.  xiii.  p.  Ö6I).  can  be  scpamted  from 
t(  by  the  following  process :  Both  metals  arc  precipitated 
from  an  acid  .solution  by  sulphuretted  hydrogen  gas.  The 
precipitate  I  !;ulphurels  are  exposetl  t«  heat,  while  still 
jnoiKl,  with  the  tilter,  and  niaKled  as  long  ax  thoy  give  ofT 
sulphurous  acid.  They  are  tht-rehy  converted  into  basic 
»ulphutes  of  o\ides.  The;^  HaJt.s  arc  ditiüolvcd  in  muriatic 
acid.    The  solution  iä  mixed  with  chloride  of  )H>ta^ium 
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and  nitric  acid,  and  id  tlicn  «vaporatcd  tu  dryness.  The 
dark  .suline  maäs  thu»i  produced  contains  clilorido  »r 
jiotassium,  chloride  of  copper  and  putauiiiuin,  and  chloride 
ofpalladinm  and  potassium.  The  tirst  tn'o  of  these  sails 
are  to  be  extracted  by  ulcobul,  having  the  si>c.  ^nt.  of 
0'833.  I1ic  palladium  salt,  being  insoluble  therein,  n- 
maiua  hcliind.  It  i.*:  Ui  he  liruu;;bt  on  a  \v(?i),'ht!d  filter, 
and  washed  with  alcohol.  It  is  tlicn  dri«d,  aud  ueigbed. 
It  rontiiiuH  28-t>i  per  cent,  of  palladinm.  The  saline  mass 
can  alüu  he  dissolved  in  hot  water,  nnd  sul)mittcd  to  the 
action  of  cyanurct  of  mcKury;  btit  this  method  of  esti- 
mating the  quantity  of  palladium  i.s  less  direct  than  the 
other.  It  desen'es  the  prelVreme,  luiwever,  when  tlie 
alcohol  has  t(K>  large  a  <|uaDtity  of  chloride  of  pvtassium 
to  f\traL-L — The  s|jirituou.-i  solution  of  the  copper  salt 
contains  a  Iraco  of  paliudium,  which,  however,  may  be 
altogether  neglected.  The  solution  is  evaporated  to  expel 
tltc  alcohol,  and  the  saline  mas-s  is  dissolved  in  water. 
The  copper  is  tlien  precipitated  lij  caustic  potash^  and  tbu 
dcutoxide  of  copper  is  weighed. 

Separation  from  Alcaline  Chlorides. — When  palladiam  is 
combined,  as  protochloride,  with  alcaline  chlorides,  and  i^ 
to  be  quantitatively  separated  therefrom,  the  operation  is 
])erfurmtHl  in  tin»  same  manner,  slh  the  Ki'paratiuu  of 
peahloride  of  rhodiinn  from  alcaline  chlorides  (page  \Ai). 
The  rednced  palladinm  can.  however,  lie  ig^nited  in  the 
open  air,  and  neird«  not,  like  tho  reduced  rhodium,  to  fw 
heated  in  hydrogen  gas. 
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Precipitation  by  Almline  (.'hhritln. — Iridium  can,  in  the 
following  manner,  be  prccipituteil  from  its  solutions,  and 
separated  from  nearly  all  the  metallic  oxides  which  have 
hitherto  been  treated  of:  Tlie  solution  of  Iridium  is  con- 
centrated. The  oi>crator  then  mixes  it  with  a  conccntrat^il 
solution  of  chloride  of  potassium  or  muriate  of  ammonia, 
and  adds  very  strong  alcohol  in  such  proportion  that  tlw 
liquid  may  contain  about  GO  per  cent,  of  its  volume,  uf 
ulcuhol.    Thereu[H)n,  tho  chloride  of  iridium  und  potn:(- 
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sium,  or  the  eorres ponding  compound  formed  willi  the 
ammoitiaral  salt,  boih  of  which  arc  insoluble  in  alcoliol, 
completely  precipitHtes.  Tlie  solution  must  eontaio  a 
aniiill  rxecss  of  thioridc  of  putas-sium.  The  precipitate 
is  washed  with  spirits  of  wine.— Should  the  opemlor  de- 
sire todplcrmine  the  qmmtily  of  iridium  in  the  rcsullinj 
dotible  wilt,  (lien  t)ie  double  salt,  which  is  here  supposed 
to  have  l»eeii  precipitated  by  chloride  of  jtotatisium,  is 
Irruted  by  hydrnuen  fas,  like  the  double  irhloride  of 
rhudium  and  pülu.ssium  (page  134).  If  the  double  salt  has 
been  precipitated  by  muriate  of  ammonia,  then,  the  direct 
result  aflorded  by  the  reduction  with  hydrogen  gas,  it« 
metallic  iridium,  »hose  «eight  is  estimated.  During  tlic 
ndactioD,  muriate  of  ammunia  uud  muriatic  acid  gas  are 
di-sengaiced. 

FrecipittUUm  h/  Suipittretttd  H^Toyen  Gat. — Iridium 
can  be  completely  precipitated  from  acidulated  fiolulions 
by  sulphuretted  hydrogen  gna.  The  resultiiiff  sulphurot  of 
iridium  la  ill  a  bi^licr  or  lower  Ktute  of  .sulphnration,  cor- 
responding with  the  state  of  oxidation  in  which  the  iridium 
enci-ttcd  in  the  solution.  The  sulphitrels  arc  dark>brown 
or  nearly  black,  and  precisely  similar  in  appenrance  to 
Uiose  fumishcil  by  platinum,  pulladium,  aud  rho<liuiu. 
They  do  not  bee:omo  acid  while  drying.  By  sulphuretted 
hydmgeo  pkn,  iridium  is  easily  separable  from  substanci»« 
which  that  ntnKent  ik  incapable  nf  precipitating  frum 
ocidtilated  s«dutions.  The  resulting  sulphuret  of  iridium 
diäsoWeit  without  re-siduc  in  culd  nitric  acid,  and  can  be 
precipitated  Irom  thi:<  solution,  when  it  i»  conceutrated, 
by  tlie  additiiHLof  alcohol  and  muriatic  acid,  chloride  of 
potaHAium  or  muriate  of  ammonia. 

Srjmriitioit  from  other  Mftnis  Ai/  ßihjrlrosalphuTet  of 
AmmoHui.—Xs  the  »ulpboret  of  iridium  (li.s.s4ilvea  in  bihy- 
drosulpburet  of  ammonia,  it  could  be  thereby  separated 
from  several  metals  whose  sulphiirets  are  insoluble  in 
that  reagent.  When  precipitated  from  such  a  .solution  by 
am  acid,  the  sulphuret  of  iridium,  according  to  Berzh- 
Lii!S,  is  soluble  to  a  certain  rxtml  in  water,  to  which  it 
communicate)»  a  brOMuiäh  red  colour.    The  wasb-water, 
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Estimatiim  of  small  QiuiHtitiet,  as  SutpAaref  af 
Tlic  quantitative  cstimatioD  of  osmium,  is,  uaH 
the  volatility  of  its  highest  oxide,  attended  by  l 
liculticü.  —  If  the  Compound  for  oxnmiuutiun 
oamium  ID  the  metallic  state,  and  can  be  TuUy  i 
by  aqua  retpa,  theu  the  tiolutiou  In  effected  ii 
retort,  fiiniished  wilh  a  recclvrr.  Tbe  acid  hcs 
upon  tart'l'iilly  tli»tillrd  over,  nhilv  the  rv(rri>r 
cuol,  the  whole  ol'  the  ottmium  is  found,  nt  the  e 
opemtioii,  in  the  distilled  liquor  held  by  the  rccw 
quantity  <>t  osmium  rmilainvd  in  tlie  solution  ci 
lermined  by  ditTcrcnl  methods.  When  ooly  a  ti 
qiitintily  orimnijiiiii  in  preNeiil,  (he  tH*st  proceAS»! 
loBKKZKLiL>i(Fu<:GKN»üRFK's  AnnnU-h,  B.  Xlli 
is  the  following' :  The  diHtillerl  liqui>r  is  diluted  ni 
ami  sutiinitet)  to  such  an  cMtut  with  auimimiii 
Äomc  other  alculi,  llwt  the  arid  slmli  siill  re 
in  exciss.  Tb«  solution  is  liieu  |>ourei)  tntu 
can  be  roritfd.  and  which  the  solution  t.s  snffici 
lill.  A  L-iuTTcnt  of  sulpiiun?t(ed  hydrouen  gas  hi  thi 
UimuKh,  until  the  solution  holds  sulphu reined  hji 
excess.  The  Önsk  is  then  eorked,  %jid  is  allov 
nose  until  the  gulphuretuf  utiu>itim  hau  uhIwj^^uI 
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should  contain,  liccati^u  it  rttains  a  little  luoisliin',  hiii], 
(lurtne:  the  drying,  l>«cotnei(  partially  oxidii^d.  Tbc  pro* 
pitrtion  of  osniium  is  from  flO  to  üiü  pur  reiil. 

PrerifHtatiini  by  Mtrrcnrif,  tmit  Itnluction. —  Whrn  the 
qunrilily  «f  nsmium  in  solution  is  co».sidcTnbIr,  tlip  best 
nay  ore-ttimatiiis  it,  is,  arrordiiiK  tu  Ur.ft/.F.i.it  s,  tliut  of 
precipitating  it  by  mercury,  atti-r  buviDj:  addvd  lu  tlic 
solution  so  niucb  muriatic  iicid.  Hint  rblurint-  niny  be  pro- 
J4CMI  to  romliine  with  thf  iiicrciiry.  A  preripitatp  is  llwn 
produced,  which  roiwisis  of  prolocliluride  orintrcury,  of  a 
piilvernloDt  amalieam  of  osmiuin  aad  mercury,  und  of  iVee 
ra(Trur>'  containine  »  very  small  quiintity  of  osmium.  This 
precipitfttc  is  halted  in  a  ).'lus.s  bulb,  whiih  ba.t  n  i:\aM 
lube  soldered  to  each  side,  «nd  a  carrcnt  of  dry  bydrofrco 
•X'AS  IK  allowed  to  p.i.«.s  over  it  in  iIir  meantime.  Tbo 
voliitili.st'd  n-^uliiif  mcrniry  and  prolochloridc  of  mercury 
follow  the  bydroccn  ei»,  whilr  thr  iKimiuui  n-iimiaa  be- 
hind, in  lite  fomi  of  a  |>orous  black  powder.  This  ]>owd(  i- 
dowi  not  appear  to  be  metallic,  but  when  it  is  prct»?«cd 
iiptm,  it  exhibits  a  metallic  streak.  Tbi«  metallic  osmium 
IM  in  H  state  6t  for  weighing;. — The  solution,  separated 
fnira  the  preeipitnte,  »till  contain.s  a  little  lucniium.  liy 
di?e.stioii  Milh  merriir>',  thi.-4  o.smiiim  can  be  proripit»(ed; 
but  the  prccipilatinii  is  very  ülowly  ettccted,  and  re(|iiircä 
a  trdiouK  (li;„'e.«;tiim.  A  better  metbod  of  »eparaiiuff  it,  in, 
to  snturnie  the  arid  with  ammonia,  to  evajwrato  the  solu- 
lieo  to  dr^-ncNü,  and  (o  heal  the  ma»»  in  a  retort.  The 
linm  salt  iit  tlien.-upon  decomposeil  by  the  ammouia, 
and  the  mercury  which  it  may  contain  is  volatilized  witJi 
,tbc  niurinte  of  ummoniu,  in  the  state  of  a  double  salt. 

SefHimtion  from  otiirr  Mttah. — In  comiequeiicc  of  ihB 
volatility  tif  its  oxide,  it  is  very  easy  to  separate  osmium. 
by  the  proce.ts  of  distillation,  from  the  other  metals  » itb 
which  it  occurs  i»  combination.  Iridium,  however,  with 
which  it  forms  a  native  alloy,  is  hii  exception  to  this  rule; 
for  thew'  two  metals  bold  tojjcthcr  with  an  <ibstinucy  which 
uiay  justly  be  wondered  at. 

Srparufio»  fmia  Iriilium. — ^Tlie  analysis  of  tliia  com- 
jmand — an  anftly.sts  in  the  bi^u-Ml  lietjree  difticul(-~iit  iH-ttl 
«ITcetod  by  Ibc  proccsa  described  by  nKHZHi.iu.s  (Poo- 


siiflirirntly  prmxriul,  ifary  force  their  way  ioW 
aiid  there  remuiit  fixed.  Alter  having  pouodoi 
much  as  poKsible,  tli«  operatur  luust  triturate  1i 
tbe  puu'dor  in  so  fine  (hat,  wheu  rubti«Mt  on  th 
makes  a  streak,  like  graphite.  When  tlie  graiu 
broken  intu  pieces  by  poiindintr.  the  reduction 
powder  by  trituraltOD  is  cll'cctcd  pretty  eu.sily.  1 
of  triturution  must  not  l>e  *pared ;  tor  it  wiU  be  §t 
UK  fine  powder  is  anvrwards  eaRily  flecumpod 
the  (!»itrM;  jjüwder  is  attu»'ki;d  but  ft-<*bly.  The 
powder  is  boiled  with  muriatic  acid,  which 
under  t-fl'crvcsccace,  the  iron  ubmded  Irooi  tb 
The  solution  of  iron  is  decanted,  and  the  povrd 
washed.  After  that,  the  washed  ]H>u'der  is  miu 
equal  quantity,  or  neurly  an  ritual  quautity,  !■ 
which  must,  ver)'  shortly  before,  have  been  in^ 
It  couiplclely  Iroiu  water.  The  mixturt;  is  iben 
a  small  porcelain  retort,  to  nhich  a  tubulated 
ha-s  been  adapted ;  ti  n^as-con ducting  tube  must  ] 
tilt*  receiver  into  a  flnsL  containing  diluted  ttnmii 
Urst.  the  retort  must  be  heated  very  freuUy,  and.lj 
tor  must  take  care  tbut  the  discnir-ttremrnt  of  gu 
proceed  with  too  steal  ra|iidity,  beranne,  if  tJiei 
too  violent,  the  mass  in  the  retort  is  ant  to  I 
Towards  the  end  of  tliu  operation,  the  tire  mi 
increased  as  (o  produce  a  full  white  heat-    AiTliaii 
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Äcid.     It  then  smells  very  strongly  of  osmium.    The  clear 
pari  of  tJif  snliitttm  is  ptwred  into  a  rctorl,  and  Hubmitted 
to  diNlitlatiun.     Tlie  opi^rator  must  lake  parltciilar  rare, 
in  lliis  case,  to  cement  the  joinings  of  the  iippiimtiis  with 
accuracy,  and  (o  keep  tlie  receiver  ns  cool  as  ]>osi)ible. 
The  insolablc  portion  is  likewise  treated  with  muriatic 
»ml  nitric  aeids,  and  is  distille*!  in  a  separate  retort.  This 
dii;till<*d  liquor  alito  contains  OKiuium,  and  Ihe  residue  in 
ihv  n-tort  contains  iridium,  with  a  portion  of  osmium.  The 
reason  that,  in  this  operation,  the  clear  solution  in,  pre- 
rious  to  distillation,  separated  from  the  undissolved  part, 
i»,  I«  prevent  bminrine  durinp  the  boilinir,  by  which,  other- 
nisi',  a  portion  uf  tJie  solution  of  indium  could  be  driven 
into  the  receiver.      The  alealine  solutinn  dare  not  be 
filtered  tlirouch  paper,  which  is  Ibund  to  have  a  reducing 
effect  u]>on  the  oxides  which  it  contains:    the  paper  ac- 
quires a  i^een  colour  from  protoxide  of  iridium,  and  the 
solution  passes  throuv'h  the  filter  with  uncommon  difliculty. 
The  nitric  acid  is  added  in  excels,  that  it  may  decomjmse 
tbc  double  salt  produced  by  chlorine  and  osmium,  and 
convert  this  metal  into  its  volatile  ]>en»xide. — The  »uli- 
stanre,  which  rcnmin.s  in  Ihe  two  relortit  ulUer  distillation, 
is  filtered,  mixed  with  chloride  of  potassium,  and  evapo- 
rated to  dryness,  to  expel  the  itu]KTfluoUK  muriatic  and 
nitric  acids.     The  dry  saline  mass  is  well  mixed  with 
earbonate  of  soda,  and  is  (hen,  once  more,  heated  in  a 
retort,  as  descrilicd  above,  to  separate  the  peroxide  of 
osmium  which  it  may  contain.    The  .salt  is  then  diüsolvcd 
in  water,  upon  which,  tlu-  jwrovidi-  of  irirhiim  remains 
behind.      This  somclimcs  contains   a   little  riiodium,  to 
separate  which,  the  peroxide  of  iridimn  must  be  fused 
^Vlth  bisvlphatc  of  potash,  in  the  manner  described  at 
133. 
After  all  these  operatiims,  howe%Tr,  the  iridium  still 
retain.^  a  portion  uf  osmium,  which  adheres   to  it  with 
Rurprisiiig  (iminess.     To  separate  it,  the  tw«  sulistanres 
are  reduced  by  hydropen  gas,  the  action  of  which  is  as- 
ttisted  by  a  very  gentle  degree  of  heat.      The  reduced 
meials  are  then  kept  at  a  dtiH  red  beat  in  the  o|)en  air, 
zu  long  as  the  (xlour  of  jieroxide  of  osmium  is  pcrceptil»le. 
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In  this  operation,  the  iridium  mtisl  many  times  in  succes- 
sion be  reduced  nnd  oxidised,  to  free  it  fiiUy  from   llie 
osmium:  (he  jmrfrct  srpiimtion,  however.  Is  cffertcd  very 
slowly  and  ditUcuItly.      If  the  iridium   he  too  »trun^ly 
h4>ati><l,  if,  for  example,  it  be  raised  to  a  white  heat,  the 
two  inetfUs  »gain  roiiiliine  tofrrlher  in  the  mn«t  intimate 
mBQUur,  and  shcink  up:    it  is  then  imjMi^ible  tu  burn 
away  the  osmium. — The  weight  of  the  iridium  is  deter- 
miner] »fter  the  liiM  rediirtion  with  hydrv>ErD  gHs.     The 
sofutioDs  of  oämiiim  produce')  by  the  above  cxperitncnts, 
aru  all  p<iur«d  tof^ether,  and  tlie  «Kmium  is  sepnr»tad  by 
the  method  dcscrib«!    above.      The    «mall   (]u«n(ity  iif 
osinimii  .separated  Irorn  tlie  iridium,  by  ijiniliiiir  the  latter 
in  the  open  air,  is  estimated  from  tlie  difi'erence  in  weif;ht 
found  between  the  iridium  when  wciflied  after  the  fimt 
reduction  by  hydrupen  jjuü  »nd  when  conlainiiig  onnüuni, 
and  when  u^iin  weii^bod  after  tlic  last  ignition  and  IftBl 
reduction,  when  freed  frnni  osmium. 

tn  the  insobdilr  rexidue,  left  upon  disKoIvin-^  platinum 
ores  in  uquH  re^ii,  Ihi?  openttor  not  only  find»  thr  shinjnt;, 
silver  white,  rrystalline  scale.H  of  osmium-iridiiim,  which 
are  fumLshed  by  Home  of  the  pliitiniim  ores  fmm  the  Urn- 
liau  mountains,  but  uitio,  according  lu  Brr/ki.il'H,  b 
quantity  of  rounded  grains  with  irre]!:ular  surfaee,  whidi 
are  less  rich  in  ohhuiiq)  than  the  erystiillinc  sculeti  of 
0:«niium-iri(lium.  I»  the  analysis  of  those  ^ains,  otiier 
CüU;4titucnts  are  found  besides  o-tmium  and  iridinra.  The^ 
Constituents,  it  is  true,  are  only  mixed  with  the  others, 
and  are  uncs-teniinl  ta  the  eonslilutioa  of  the  mineral; 
yet  Ibey  are  mixed  tlicrcwitb  in  such  a  maimer,  ibal  they 
cannot  be  readily  separated.  These  couslituentn  are 
titanic  acid,  silicic  acid,  chromic  »cid,  oxide  of  chruminni. 
zircooia,  and  pt'nixide  of  iron.  Their  prcnence  evidently 
proceeds  from  an  intermixture  of  chromiterous  iron,  titani- 
fennis  iron,  »ml  liyacintii ;  bu  I  these  .tiihstaiiccs  can  ueithcr 
be  diNlin^tishiil  from  tln^  i^ntins  of  o.sniiuni-iridium  by  tlic 
eye,  nor  separated  from  tbeui  by  clntriatioD. 

For  the  analy.-Ji.-*  of  tlie.'^e  strains,  ßKR7.Ki,)ii$t  rcoooh 
mends  a  dillerent  method  from  that  tleseribed  alMtrc.  The 
mass  resulting  from  the  fusion  of  the  pulverised  niiaenii 
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^nth  saltpetre,  is  iuixc<l  with  -water,  that  all  tbo  satitH* 
Niiluitanres  niHy  lie  <lissnlv<-<l.  Thn  mixture  is  [loure«)  into 
■A  (iibtilated  rotort,  in  Mhirh  it  iit  allowed  to  settle;  ihu 
solatiou  i»  tlieo  poured  off.  The  residue  in  treated  with  a 
fri-Kh  (jaantity  of  wtiler,  which  is  likewise  dcrunted  when 
it  ba£  become  clear.  Tbesc  äoIutioDs  contain  potash-. ■iaittt 
of  nitric  acid,  chrumic  acid,  silicic  arid,  of  liie  second 
oxide  of  iridiiim,  and  of  a  Kmall  porliou  of  llio  h^est 
oxide  of  osiuiuin.  By  distillation  with  murinlic  acid  tii  a 
retort,  the  oäiuiuiii  is  coii)|>letely  »cparated  from  tlie  oÜiit 
aabstancc».  Tbc  methods  by  which  tbc  qiiaiilitative  esti- 
mation of  ihc  other  substances  can  be  olfected,  will  be 
taken  into  (-nnKidentlinn  in  subseqnent  iwclions. — What 
remaiiut  andixsolved  in  the  tubulated  n^tort  i»  mixtM]  with 
muriatic  acid,  thai  ever>'  thin?  may  lie  extnictwi  which 
muriatic  acid  is  capable  of  dittsolvinf*.  The  acid  sidution 
is  then  diKtillcd  over  the  water-bath.  Iliis  o|}cration  I« 
coDtinued  uatil  a  portion  of  the  solution,  taken  from  the 
retort  by  the  tubulure,  bac  not  tlic  It-a^tl  odour  of  osmium. 
Tlie  distilled  liquor  is  a  solution  of  the  highest  oxide  iiT 
osmium  in  wnter,  containing'  a  little  chhirinc.  ''I'lir  rcKiduo 
in  the  retort,  treated  with  a  small  quantity  of  water.  Rives 
a  more  or  less  jrreen-colinired  Molittinn,  the  ^reen  colour  of 
wliich  is  owin^'  to  the  presence  of  prolochlocide  of  chro- 
mium, rr  tlie  operator  now  washes  tlie  inxoluble  matter 
wilb  aleoliol,  all  the  prntochloride  of  chromium  will  lie 
extruded.  He  will  then  obtain  upon  the  tiller,  the  double 
chloride  of  potassium  and  iridium.  The  frrecn  solution 
and  tlie  alcoholic  liquor,  bolh  become  troubled  upon  being 
ililuted  with  water  aud  heated:  a  white  powder  precipi- 
lates,  which  appears  like  titanic  acid,  but  contains  also 
kolh  silicic  acid  and  Kirconiu. 

7*«/  far  Oxminw. — Tu  a.>«ccrtain  whether  the  iridium 
obtained  be  quite  free  lirom  osiniimi,  a  very  delicate 
Mst  is  presented  in  the  odour  [inxhiccd,  when  iridium 
nhicb  containN  uKUiium  is  i|;uitL>d  in  contact  ntlJi  air. 
ia,  however,  according  to  Bkrzklius  (Pogcbn- 
VSff'f)  Annale»,  B.  \lll.  p.  54^},  a  »till  more  delicate 
convenient  lest,  namcl>,  tbc  action  of  ^aäcou^  per- 
oxide of  osmium  on  tbc  Qamc  of  the  spirit  lamp.    If  ati 
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pxtrprDFly  sraatl  piece  of  pare  osmium  be  placed  on  %i 
slip  of  platiiiiim  foil,  near  the  edge,  and  be  brought  into- 
tbe  flame  of  liuriiing  .spirits  of  wine,  ami  lir'cl  in  such  m 
manner  as  to  allow  a  {lortion  of  ihr  flame  to  rise  freely  by 
the  side  of  the  platinum,  then  the  flame  suddenly  becomes 
very  brilliant,  just  as  if  pure  olcliant  gas  had  been  in-\ 
flamed.     If  iridium,  uhieli  conlaing  traces  of  osmium,  be 
hcHtcil  in  the  same  maiiiit-T,  u  nHimentary  ittuaiinuiion  tsi 
clenriy  di(ttin<n)i^liah]e.  alliioui^b  the  etrert  is  not  so  iitrik-] 
ing  AH  with  pure  oämium.     Tbe  itlumiiiation  nooa  cease^J 
not  because  all  the  osmium  is  driven  away,  but  becac 
tbeosminm  and  iridium  become  oxidised,  and  Ibnn  a  fixed 
compound  unsusceptible  of  higher  oxidation,    tf  the  opera- 
tur  (ben  puähe^  Üie  platinum  foil  ao  far  into  the  flame, 
that  the  metal  comes  into  tbe  inner  part  of  tbe  flame 
where  no  combustion  is  going  on,  tbe  compound  is  re- 
duced,    it  is  then  again  capable  of  inflaming  at  tlie  ed^ 
»r  the  outer  flame,  »{»m  arriving  at  which,  it  becomes 
ignited  for  a  moment,  and  illuiuinales  Ibe  flame,     'fbere- 
upon  it  ran  again  \ir.  raised  lo  a  white  hr.al,  without  giving 
the  odinir  of  osmium,  or  being  nt  all  utfcctcfl.     Dut  aller  a 
new  reduction,  the  above  phenomena  again  appear.    Tbe 
power  of  producing  ihiä  brilliant  light  is  clearly  distin- 
guishable, «hen  the  formation  of  the  odour  of  peroxide  of 
osmium,  by  the  ignition  of  the  reduced  metals,  Is  no  longer 
to  be  perceived  with  distinctness. 


XXIX.    PLATINUM. 

Precipitation  in  the  state  of  Jicguline  P/atimim. — Plati- 
num can  be  precipitated  from  it.4  .solution.s,  in  the  rcgtiline 
state,  by  a  great  number  uf  reducing  sul»stances.  The 
substnnre  wtiieli  it  Is  liest  I«  employ  is  im-nTury,  or  a 
solution  of  protonitrale  of  merrury.  The  prccipilatcd 
platinum  contains  mercur]'.  The  precipitate  ia  wnshrd 
and  dried,  then  stronjily  ignited  and  weighed. 

Precipitaliim  hy  Muriiite  of  Atnmoniii. — The  hettt  method 
of  eflcctlng  the  (pmnlitativr  estimation  of  platinum,  is  to 
po'cijiitate  it  from  its  M»Iulion.s  as  follows:  The  acid  solo- 
Ijou  of  platinum  i&  concentrated,  und  mixed  with  a  very 
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concentrated  sotuti»n  of  muriate  of  ammonia;  so  much 
alcoliul  in  tlien  addeil  as  is  siifHcient  to  ciiuse  the  perfect 
[iri'ripitation  of  tli«-  rosnltinu  doulile  sah.  roniposed  of 
muriate  of  ammonia  and  rliloridc  of  platinum.  The  pre* 
cipitate  is  edulcorated  with  .sjiirits  of  wine.  I'mm  iho 
weight  of  the  duuhir  snU,  it  is  not  vaity  lo  drtcnuitie  the 
qimntiiY  of  tlic  platiunm,  because  the  double  salt  may 
contain  an  excess  of  muriate  of  ammonia:  the  precipitate 
i*  iluTer<in-  i|;nili-d,  upon  wliirb,  rcj^iliiic  plaliniim  in  a 
porou!«  .state  remuin.<«  brliiiid,  and  run  Lr  wri^brd.  Thv 
i^iiou  of  tliia  doubU;  .salt,  biiwcver,  requires,  in  quoiitita- 
tive  analyses,  to  be  couductcd  nitb  much  precaution,  since 
it  is  very  po.><siblu  for  a  portion  i»f  Ibe  linely-divided  pla- 
tinum, to  he  carried  uway  mechanically  uilh  tlie  di»«n- 
^ged  vapours.  Tbe  beut  plan  is,  to  eflect  the  iguitiou  in 
a  small  weighed  retort,  the  neck  of  which,  after  haviag 
inm^rted  the  double  salt,  and  ascertained  the  quantity  hy 
a  second  weithin);,  must  be  drawn  out.  Cure  is  to  be 
taken,  however,  not  to  draw  out  the  m^ck  to  too  Sne  a 
tube,  oihenvise  it  may  be  stopped  np  by  tbe  sublimed 
muriate  of  ammonia,  and  an  explosion  tie  pnxlucrd.  lu 
tiic  beiitinc  of  the  retort,  only  a  weak  beat  must  be  applied 
at  the  be^nninf;,  and  it  must  be  raised  to  a  red  heat  very 
gjadually.  Durin-^  the  i<n)ition,  tlie  operator  niusl  endea- 
vour, by  means  of  a  little  spirit  lamp,  to  drive  the  sub- 
Umed  muriate  of  ammonia  as  effectually  as]>ossiblc  out  of 
the  neck  of  the  retort.  When  tbe  ignition  is  liiiishcd  and 
the  npparatu»  cold,  tlie  neck  of  tlie  retort  is  cut  off, 
washed  clean  with  water,  dried,  and  weitrbed  with  the 
retort. — Platinam  can  be  precipitated  in  a  similar  iiiaam-r, 
by  the  addition  of  cblorideof  potassium  and  alc<dioI.  The 
precipitated  double  chloride  of  potassium  and  platinum 
must,  in  this  case  also,  be  washed  with  spirits  of  wine. 
Thia  precipitate  can  be  ignited  without  loss  rauch  more 
easily  than  that  eontatnin<;  ammonia.  I^ition  converts 
it  into  a  mixture  of  re^'uline  piatimim  and  chloride  of 
potassium.  Tbe  ignited  muss  is  tlicn  treated  with  water, 
which  dissolves  (be  chloride  of  jwtassium,  and  leuves 
(he  platinum  untouched.  The  latter  is  then  i^oiited,  and 
weifihed. — The  reduction  is  effected  still  better  by  hydro- 
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Ran  tints,  fiT  ovnniple,  be  separatf«!  froin  ma 
cobalt,  copper,  mercury,  ftc.  Should  a  porti 
other  metallic  cuinpntinri  Ik-  precipitnteil  in  cum 
ih«  compound  of  platinum,  it  can  bo  vcr>'  rcadilji 
from  the  i^tiitcd  »ml  rt'rliired  plutiniim,  hy  dip 
nilrit!  or  timriulk  u<:iil;  lor  iieilULT  ul'  thcs«HCidl! 
uttat'L  platinum.  Should  a  Utile  chloride  of 
example,  be  precipitated  with  tlie  iilatinum  i 
the  chloride  of  lead  can  be  partly  f>c|>itruti^  b 
with  men  water;  but  even  »lien  a  portion  ■*! 
been  rmiiviTted  by  iixidulion  into  nxidc*  uflcwL' 
be  ciiürcly  sepuruled  by  digesting  tlit:  rcUui 
diluted  muriatic  acid. 

I'ricipifatioit  b)/  Sttlphurclted  Hydri/gm. — 1 
Ik"  pr(H'ipital«;(I  from  acid  solulion-s  by  sul| 
dnj)a*D  gas;  but  the  precipitated  suIphureL| 
very  easily  becomes  oxidised  in  thu  air.  l\ 
bowover,  to  M-panite  platinum  in  this  man 
iiicluUic  i>>:idt-^  wliich  arc  not  procipitablc  fcoin  t 
Uons  by  sulp  biuret  tod  hydrogen  trus.  If  a  m 
plaliuum  be  made  nrutml  or  alcnlinc  by  soda 
excess  of  1)ihydTO.<tuIpburet  of  aniiniinia  bti  added, 
cipitated  sulphurct  of  platinum  redissolveü  in  tl 
of  the  precipitant.  By  this  process,  therefore, 
could  be  »«paratcd  troni  those  meiaU,  whose  s 
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uictallic  stale,  but  ctiinbincil  with  any  of  llic  metals  nbicb 
have  beea  treated  of  Ju  the  forcf;oiu[,'  sccUoas»  then  the 
simplest  tiHHtiod  of  separatinn  nould  be  timl  of  treating 
UtL-  fotupouiut  nitli  iiilrii-  uciü,  )>y  whii^ii  ull  ihesv  nietuls, 
e-xceptiQg  the  platinum,  ar«  oxidised  and  dissolved,  while 

rplaliiium  ilKeU'remaiiis  nndiii:«olvi>d.  It  \»,  liowevtT,  to 
reniiirkrd,  hereby,  Ibitt  plalititim,  when  i»  rombinatiuu 
with  other  roctals,  very  ofttn  disstilvcs  with  ttH-ac  metnls, 
in  nitric  acid.  Platinum  and  silver,  for  example,  cauiiot 
be  sepaRit^id  by  uitric  ucid,  lH^c»uKe  the  platinum  purtially 
disxulves  willi  (h<>  silver  in  tbe  nitric  acid. 

Ajuit^sit  of  Vlutimim  Ort:  Styarafion  from  Osmiuai,  Jri~ 
äiam,  PalUiiHnm,  Jt/iodium,  ^r. — ^Thc  Kvpanition  of  platinum 
from  OHmium,  iridium,  palladium,  and  rhodium,  iii  combi- 
nation with  wbicb,  as  well  as  willi  iron  and  copper,  it 
occurs  in  the  crude  ore  «if  pbitinuni,  is  an  operation  accom- 
panied by  very  n^reat  dlfliculti«.'!.  Uukzklil's  (ruGGB\- 
iKjRr'i''M  Annalcn,  B.  xiii.  p.  ÄüJ)  has  recciilly  given  as 
tbi:  following  din-cliuns  for  the  analysis  of  tliis  ore,  by 
which  the  dithcutties  wliicb  formerly  attended  the  task  are 
considerably  lessened. 

In  llie  lirsi  place,  the  operator  mechanically  sepanitcs, 
fnim  one  another,  tbose  frrains  of  the  crude  platinum 
which  are  distiu^isbcd  by  a  dill'crcnt  uppcarance.  In  tho 
next  place,  ull  tbose  are  removed  wbicb  tlic  mu^et  is 
capable  of  allraclini.'.  Indepcudciitly  of  the  spaui^Hes  of 
netaUic  iron  %vhicb  were  lirs^t  detected  l»y  Os.vvN  (Poc- 
citNDuRPi''M  Annalen,  B.  x.  p.  015X  the  platinum  »and 
often  contains  metallic  cnrapnund.s  of  irrm  and  platinum, 
nut  only  capable  of  iH'in;^  altracti-d  hy  ibc  mugnrt,  hut 
CTcu  possc-Mtcd  of  |»olarity.  These  grains  have  a  diHcrent 
compositiOQ  from  tbose  which  are  not  magnetic.  The 
oiK'ral«jr  M-purates  lliem  by  the  magnet,  and  t'stimaies 
their  relative  proportion. 

Tbc  ore  is  then  treated  with  diluted  muriatic  acid.  The 
object  of  this  is,  to  fnx  it  fn>ra  the  coating  of  pi-roxide  of 
iron,  with  which  it  is  often  bedecked,  und  to  dissolve  the 
mctalhc  iron.  The  quantity  of  the  iron  .'«cparated  from 
llie  ore,  by  this  proeess,  is  tliereupon  estimated. 

Tlie  ore  must  not  be  ignited,  until  it  bas  previously  lieen 
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uriglied  ;  for,  dariiiE;  the  i^iltion,  it  rtimmonly  nctiuirra  ii 
coating  f>(  pcrmiilc  ut*  iron,  mid  u  rimi44-()iii;iit  increase  of 
wcikIiI.    It  is  sufficient  to  dry  it  upon  a  hot  sand-bath. 

The  p)»ii  of  the  analysis  kIuxiUI  be  r<>g:ulutet]  acrordiii>^  tn 
the  itroportiüD:«  aud  nature  of  the  consliiueotj«  oflhe  ore  sub* 
luitted  to  examination  :  it  remaiDS  the  same,  however,  for 
all  the  iirrs  nf  |ilitlinnni  which  hiivc  hilhertn  bi?rti  dttiroven-d, 
äincc  both  those  from  Asia  and  from  America  contain  tlie 
same  constituents,  combined  in  nither  dilTerent  pn»pnr> 
lions.  These  coils tituetits,  arran);ed  according  to  tlipir 
respective  prup«ir(ions,  are: — platinuiu,  im»,  iridiiun,  cop- 
per, rhodium,  palladium,  and  osmium.  Iridium  and  osmium 
are  found  in  the  |>latinum  ore  in  two  diffcreiit  states ;  tbcy 
arc  cither  actually  alloyed  with  the  other  metals,  or  merely 
melted  ill  thi*  congltmierate,  'is  little  |uirlirl(!S  of  o.viuiniu- 
iridium.  In  thelirst  ca-sejUiey  dissolve  with  the  platinum; 
in  the  last,  thi-y  remain  behind  undis.tolveü.  under  the  lonu 
of  shiuiuB  white  simiisles,  which  are  s«  soft  and  tender, 
that  they  form  a  streak  nhen  rubbed  on  tlic  skin.  If  larfter 
grains  of  osmium-iridium  remain  behind,  it  is  a  pr<iof,  that 
tlic  operator  h»s  not  properly  picked  them  out.  Il  is  Mime- 
timcÄ  of  imp<irtancc  to  dctcrniinc  liieir  relative  proportion; 
tliis  is  best  done  by  dissolving  all  tlic  rest  of  Ihc  ore 

The  operator  must  not  employ  loo  lar^'o  a  quuntiiji'  of 
tile  ore  for  analysis :  .'i  grammes  (about  77  Trtiy  grains)!« 
by  far  too  much;  Behzblius  thinks  2  grammes  (about 31 
Troy  g:rains)  the  must  convenient  cjuantity.  Sometim». 
however,  when  the  object  is,  to  determine  witli  threat  accu- 
racy the  quantity  of  a  constituent  which  occurs  but  in  a 
very  small  relative  proportion,  a  larger  qnantity  of  the  ore 
must  be  dissolved.  But,  in  that  case,  all  the  coustituenUr 
exreplintf  the  particular  one  of  which  it  is  question,  arc  tn 
be  neglected. 

Berzblius  effectuates  the  sutution  of  llio  welded 
mctiU,  by  means  of  aqua  re;fia,  in  a  plass  retort  furnislicd 
with  a  receiver,  wbirb  is  kept  constantly  cold.  The  acitl 
which  distils  over,  during  the  solution,  is  yellow;  this 
colour  dot-s  not  proceed  merely  from  the  presence  of 
cldorine,  but  from  the  constituents  vf  the  solutiou,  which, 
driven  upwards  in  a  fine  cloud  during  Uh!  cflcrvesceiKc, 
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a«  hindered  from  falling  aipjin  into  the  retort  by  the  dis- 
HnjnMieil  (leuloxiileiif  iiitm>(t:ii.  TUii:  <^s,  therefore,  carrieft 
them  (ivtT  into  the  solution  !□  the  receiver.  Spangles  ot* 
uaioiuni- iridium  are  troiuferred  in  the  .suuii-  maimer  frniit 
the  retort  to  the  receiver.  The  acid  is  distilled  till  the 
liquid  has  the  consistence  of  u  tsiru)),  and  conceals  on 
eoolinis:.  The  saline  mass  is  dissolved  in  the  smallest 
possible  quantity  of  water,  and  the  solution  is  poured  oil' 
wilh  prnprr  prenimiiin.  Tlic  arid,  which  was  distilled 
uvcr,  is  poured  upitn  t\w  undisstilvctl  residiir  in  the  retort, 
und  asnin  di.stillrd.  What  remained  undiHitidved  after  the 
ßrst  distillation,  is,  in  neneral,  dissolved  in  (he  second  dis- 
tillation. The  liquid  is,  as  befort',  dihtilUrd  down  to  the 
consistence  of  a  simp.  If  the  distilled  liquor  bi*  not 
colourle.<is,  it  must  be  relumed  into  the  retort,  and  redis- 
tilled. It  commonly  contains  pero^i<le  of  osnuum,  of 
wliich  a  portion  is  lost  hy  the  redistillation;  the  quantity, 
however,  is  in  ecncral  very  small. 

The  rulourlcss  distilled  liquor  is  dihited  with  water, 
and  satuntti-d,  either  with  ammonia,  or,  if  this  should  lie 
thou^lit  too  expensive,  with  bydrute  of  lime;  the  arid 
must,  however,  remain  a  little  in  excess.  The  object  of 
this  saturation  is,  to  prevent  tlie  detomposiiioo  of  the 
sulphuretted  hydrogen  gas,  with  which  the  solution  is 
afterwards  to  he  precipitated,  hy  (he  pn'dominant  arid. 
This  precipitation  must  be  performed  in  a  tlask  which  ran 
be  closed  by  a  stopple,  and  of  such  a  size  as  to  be  nearly 
ftllcd  by  the  stdulion.  As  soon  ns  Ihr  liquid  conlnina  an 
excess  of  sulphuretted  hydroffcn  eas,  the  (lask  is  closed, 
and  plaei^  nsidt!  to  allow  the  precipitate  to  full  down. 
This  sometimes  n^juires  one  or  two  days.  The  clear 
liquor  is  then  removed  by  a  syphon,  and  the  sulphurct  of 
osmium  is  bnuiirbl  «m  a  Mrighcd  tiller,  and  is  wiistied. 
dried,  and  wciirbed.  Acconling:  to  theory,  the  rcsultinic 
sulphurpt  iif  iwmiiim  shoidd  I'lmtjiin  fWiß  |ht  cent,  of  that 
metal;  hut  it  is  not  obtained  free  fruiu  fxctrss  of  sulphur 
ur  of  water,  nor  does  it  escape  a  partial  oxidation  while 
drying.  Ac«'<irdinir  to  si>mi-  cxpi-rimcnts  mad«:  by  Bkrzk- 
l.lt)H,  wilb  wei);lied  quantities  uf  this  substance,  it  ap}>ears 
that  the  sutphurtt  of  osmium  obtained  by  the  operation 
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dcscrihrri  uhovc,  contains  from  60  to  sa  per  cent,  of  osraiaDi. 
la  gcncnil,  however,  t>io  quantity  ol'  osmium  is  so  small, 
that  UQ  L>rror  ul'  M>mu  per  cents,  in  the  r«ckonlnf;  of  tbit 
quantity  of  osmium  contained  in  this  proparntion,  is  uf 
n«  impurtuiicc  with  rcspt'ct  to  thr  nniilysi:^ 

%Vitb  r«.>tpect,  now,  to  the  metallic  »ulution,  it  happms 
gometimefi, that,  afterdic^solrinfi:  the  saline  mass,  the  liquiil 
iBmollit  (if  (^bloriTiv.  This  in  uuiuii;  to  u  iltK^tmiposition  of 
the  chloride  of  palludiuiu.  Tht;  solution  inusl  Ih-<  allovted 
to  digest,  initil  it  no  longer  smells  of  chlorine.  If  tlie  Holn- 
tion  becomes  tnmbled  during  the  digestion,  it  is  owing  In 
the  precipitation  of  oxide  of  palladium,  uhieh  must  he 
redisso[v«d.  The  solution  iä  liltered  throtij;h  a  wci^bnl 
filter,  upon  which  ih«  nndissolved  pari»  remain.  Tbes« 
cunt^ist  of  KTutnit  of  (»smium-iridium,  n(  die  al>ovc  men- 
tinned  M]>un^les  of  tlie  sajue  alloy,  und  of  grains  of  sand, 
&c.,  which'could  not  be  separated  prerious  to  tlie  analysts. 
Konietime^,  the  operator  lind»,  in  addition  to  llieae  snl>- 
stances,  a  black  powder,  whirH  hns  the  appearance  of 
charcoal,  and  which  is  capable  of  passing  through  the 
filler  during  the  washina  of  the  other  grains.  Tliis  powder 
is  peroxide  of  iridium.  The  chit-f  cuusr  of  its  production 
is  ttie  presence  uf  tnu  much  nitric  acid  tn  the  aqua  nrpa. 
M'hen  the  flnlvrnt  is  thu.s  cuiirttttuttrd,  the  iridiam  iit 
oxidiäcd  by  the  nitric  acid  during  the  concentratiou  of  the 
saline  solution,  and  chlorine  is  net  at  liberty.  TheDri' 
ari.se.s  the  disiidvanta<;e,  which  is  now  difÜcult  to  be  renie- 
died,  that  (hi!  iridium  cannot  be  separated  from  the  (ismiam- 
iridiuu),  since  both  arc  insoluble  in  uU  liquids.  The  u{H>-rBtor 
must,  tiierttorc,  from  the  beginning  of  the  process,  endi-a- 
Tour  to  prevent  this  effect,  as  it  is  afterwards  so  hard  t" 
apply  a  remedy. 

Tlie  fdtered  solution  is  mixed  with  twice  its  bulk  of 
alcohol  of  die  .spcxitic  jcmvityof  0,8Blt,  m>  that  ihc  mutnro 
may  contain  ubtiuL  GU  per  cent,  of  its  volonie  of  nlriAol. 
A  concentrated  solution  of  chloride  uf  putas;siunt  in  water 
is  DOW  sulde<l  aa  loni^  us  it  tlitows  duua  a  pre<*ipitale. 
The  precipitate  consists  of  the  double  chlorides  «f  pota»* 
sium  uad  platinum,  and  u(  potassium  and  iridium,  routa- 
niinated   with   that  of  rliudium,  and    a  little  uf  that  of 
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idiiim.  The  two  Inlter  sub.stai)f;rA  nre  rarfitrd  (Imtii 
by  tbu  lurtncr,  much  in  Üu'  suhhi  nmiint^r  llittt  cr}'8taJ.t  iu 
^ncnil  ciirltHMr  a  itortiim  of  tiir  nii>llH-r-lii|Uiir  in  which 
tiiey  are  I'ornir«!.  The  precipitate  hi»!»  a  liiic  iciiioii-yflloM 
colonr^vbcn  it  is  free  from  iridium;  bat,  when  iriilium  is 
present,  it  iwwwsspj«  .ill  the  r1««Ics  of  r«?(l,  fmin  ilecp  ytJIuw 
tu  citiiiabur  cubmr.  I(  in  bruu^ht  itpiMi  u  filter,  and  uaMhi-il 
with  a  mixture  of  spirits  of  wioe,  contaiuing  00  per  ceuk 
of  nlcobol,  with  a  small  proportion  of  u  conucntraicd  soId- 
tion  oi  chloride  of  potassium.  Tbe  waäbiiig  is  continut^d 
Vtil  the  liquor  vrhifb  runs  tliKiii);h  Ibe  tiltcr  gives  no 
precipitate  with  sulpha  retted  bydrosen  ^s. 

The  ajialylirul  ojK-rntioiis  arc  now  divided  into  the 
cxaminution  of  tbe  wujdied  prucipitutv  A,  and  of  tbe  alco- 
holic solution  Jt. 

A.  Tbe  watched  diiublo  salt  is  dried  and  uiiugied,  with 
the  tp'L'atcst  degree  of  accuracy,  nitli  un  etjual  weight  of 
curbunatu  nf  Modu.  Tbu  filter,  with  that  portion  of  lliu 
precipitate  which  caiiuot  be  separated  I'roin  it.  is  burnt. 
Wtd  tlie  ashes  arc  mixed  with  a  little  carbonate  of  twda, 
and  tbcn  added  to  tbe  rest  of  tlie  double  »alL  The  wbolu 
is  placed  in  a  porcelain  crucible,  atid  very  gently  heated 
till  the  matt»  i>i  black  lliroutfb  and  tbroUL'b.  If  Ibiit  oxperi- 
menl  were  to  be  perlbniied  iu  a  platinum  crucible,  the 
operator  would  expose  bimNcIf  to  an  accident  which  very 
^ftsily  occur»,  that,  namely,  uf  havins  the  rruc-ible  ilsc-lf 
•ctcd  upon  by  tbe  alcali,  and  an  addition  of  platinum  made 
to  the  chloridea;  in  consequence  of  which,  the  aualysis 
would  srive  an  unexpected  exeesn. 

By  thi.s  treatment,  the  double  salts  of  the  alcali  are 
(lecotuposcd,  and  tlie  platinum,  wbo.scoxy}[i;n  paxxex  away 
with  tbe  earbtinic  arid,  is  reduced;  tbe  rbodium  and 
iridium  meanwhile  become  oxidised,  and  remain  iu  t^ucb  a 
8t«t«  as  to  pennit  of  the  separation  of  the  platinum  from 
them  by  Kolntion.  When,  instead  nfrollnwin^'  the  pnMTPss 
here  recommended,  the  operator  elfeclH  lb<>  precipitation  nf 
the  double  »ahs  by  muriate  of  ammonia,  a  melhod  which 
ha-s  been  ceiietally  practi»wd,tlieti  tbe  heatiiiu:i>r  the  preei- 
pilate  ill  a  crucible  not  only  reduces  the  platinum,  Iiut  nlmt 
the  rhodium  and  tbe  iridium;  so  that,  upon  subsefjuently 

l2 


153 


Pl.ATINUn. 


treating  the  heated  mass  with  aqua   rcsria,  alJ  ibei 
metals  djKsolve  to^plher. 

The  lieuled  i^aline  mass  is  washed  uith  ualcr,  uQll 
greator  part  ofihe  salt  is  dissolved.  Diluted  uiuritutn. 
itt  tlipn  added  to  tho  remainder,  to  extract  the  alr^imj 
bincd  wiih  the  oxides  ofiridinm  and  rhodium.  Tbr»j 
in  washed,  dried,  and  i^ited.  The  filter  can  br  Ic) 
ami  Hii  allnwanre  be  maxle  Tnr  the  weiKlit  «f  like  t^j 
but,  it  i»  to  br^  olMervci),  that  the  Hlter  nMisI  be  huntn 
itseir,  lest  the  metallic  oxides  be  rt^duccd  by  tbr  <»{ 
bustible  gasc.-^  di»en^aged  lirom  the  pa|*cr.  llie  MS^ 
aflerwardä  weighed. 

Whentbis  bas  been  done,  the  mass  is  mixediritkiix 
5ix  ttme.4  its  wei|;ht  of  Itistiljihatc  of  potiish,  «nd  ik  i 
tare  is  melted  iu  a  platinum  cnjcihlr,  in  tbu  mamirr>l 
has  been  particularly  described  ID  sjx'Hking  of  the  i 
of  rhodium,  at  pane  132.  This  operation  is  repi-alt^sf^'' 
times,  or  as  Jua^;  as  the  flux  aeigiiircs  a  c-otour. 

The  quantity  of  the  rbodium  can  be  determtnedlfi 
niriliods,     Arcordinicfo  the  firsl,thc  tindissolrcd  [ 
is  nasheil,  i^ited,  and  weighed,  and  ihr  quaBtili^l 
diRSolTcd  pero:cide  of  rhodium,  which  coutains  71  per« 
of  metal,  ta  eslimitted  from  the  loK.<i  of  weiffhC 
to  the  other  method,  the  acid  rhodiiiin  MoliitioDIsi 
with  cm-booate  of  soda  in  oxccsis;  the  inixtnre  isi 
rated  to  dryness,  and  llie  dry  .sidt  i»  ignited  in  a  ^D 
crucible.     Upon  dirisolvin?  it  apaia  in  water,  the  ftr 
of  rhodium  then  remains  behind.    It  ia  brought  on  al 
washed,  ignited  %\'ilh  the  filter,  and  retlticed  by  ki 
gits.    The  resnltini?  metal  is  weifjhed. — The  best 
to  employ  both  methods.     The  rhodium  thus  <il 
sometimriieoiitain.s  palladinm.    This  i.s  extracted  byl 
rc^ia.    The  solution  of  palladium  is  nctilraliscd,  »ai' 
precipitated  by  eyanurct  of  mercury.     The  wtiKhl  rf' 
palladium  is  abstracted  from  that  of  the  rhodium. 

After  the  separation  of  the  rhndium,  the  nictallitJ 
in  nc.»:t  treated  with  cxc«ediuj;ly  dilute  aqua  iet;ia,r 
digestion  with  which,  pure  platinum  is  oxlracte«!. 
solution  appears  very  dark,  in  consequence  of  the  pn* 
of  peroxide  of  iridium;  but  when  it  has  llccomc  cktr. 
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fouud  to  posticss  a  pure  yellow  colour.  The  clear  liquor 
i»  decanted.  Concentrated  aqua  regia,  mixed  %viih  cMa- 
ridc  of  .soiiiiim,  is  noiv  poured  over  the  residue,  and  the 
mixture  i.1  evuporatfd  lo  dr>,  ncss.  Tlic  cliUiride  of  sodium 
js  added  to  prrvcnt  the  rnniuitinii  of  prutocbluride  of  pla- 
tinum. In  this  iiion;  roiirrntrntcd  »dd,  »  little  iridium 
dissolves;  but,  ifa  concentrated  acid  were  not  employed, 
a  notable  quantity  of  philinum  %v'<iuld  remaUi  with  the 
iridium,  ^imii  dis^tolviiii;  the  dry  lua^,  the  ]KTo\ide  of 
indium  remains  behind.  ^Vhcn  it  is  washed  with  pure 
wutcr,  it  almoKt  itlwuyri  pasKCä  through  thu  filter.  To 
aeparnte  it  (Vom  llie  soliiiiou  of  ptatiniim,  ii  is  thi-refore 
ntfcssury  to  wasli  it  with  a  wfak  .toliitiiiii  of  chloride  of 
ModiuDi,  and  alWwanht,  for  the  sake  of  getting  rid  of  the 
chloride  of  .sodium,  lu  wash  it  nith  a  weak  solution  of 
luuriute  of  amuiniiiu,  the  last  n:maiit»  of  wbieh  ran  l*e 
expelled  by  heul,  llie  edulcorated  sulfstuucc  is  burut 
with  llie  (ilUT,  reduced  by  Iiydrugen  gas,  and  weiphe;!. 
The  solution  of  Koda  Kalt  which  contains  iridium  is  mixed 
with  car1)onate  of  soda,  evaporated  to  dryness,  aud  healed 
lo  redness.  The  product  is,  a  mixture  uf  platinum  und  per- 
oxide of  iridium,  which  bcingl'recd  by  washing'  from  soluble 
salts,  and  tlien  treated  with  aqua  regia,  leaves  behind  the 
peroxide  of  iridium.  Caustic  uimnonia  still  precipitate» 
from  the  solution  a  trace  ofbrown  oxide  of  iridium,  which, 
however,  is  mil  quite  free  frttm  platinum.  The  peroxide 
of  iridium  is  reduced,  and  the  metal  is  added  to  the  quan- 
tity foruierly  ohtaincil.  To  leant  now  the  weight  of  iJic 
platinum,  the  o{>emtor  must  deduct  tbe  weight  of  the  [ler- 
uxide  of  rhoJiuui,  from  the  common  weight  of  the  platiuuui, 
ibe  peroxide  of  rhodium,  aod  the  peroxide  of  iridium.  Ho 
iniut  then  add  to  the  weight  of  the  iridium  obtained,  13  per 
cent,  ofllic  weight  of  that  metal,  to  produce  lite  weight  of 
the  peroxide  of  iridium,  which  muäi  also  be  deducted  from 
the  weight  of  the  platinum.  The^e  two  de<lucli<ins  having 
been  made,  the  remainder  gives  the  weight  of  the  platinum. 
Tbe  reduction  of  the  platinum  from  ita  solution,  aud  Ihe 
cxperimentid  determination  of  its  weight,  would  only 
JeugtheD  the  operation,  without  increasing  its  accuracy. 
H.  Treatment  of  ihc  spirituou»  solution, —This  solution 
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is  poiireil  into  a  flnsk  provided  with  n  fi^TYiirad  f*)asssliffE^ 
nnd  )i  riirrrnt  of  sulphnrelted  lijdrogcn  gaj  u  f» 
tlin>ii<;h,  till  the  Kohttinn  in  siittinited.  Tlip  flask  i'^ 
closed, and  allowvd  tt>  stund  tor  13  lioiirs  in  a  irjunp^ 
al  (he  end  of  which  time,  thi^  precipitate  wiJI  btn  • 
sided.  Snmelimrs,  the  snliilion  then  u|>|H'Rrs  T'  ' 
Kequenc«  of  tlie  prciwiice  eilJter  <if  rtuKJiuni  it 
chloride  of  iridium.  The  solution  is  filtcn*! 
alroho)  expelled  by  evttporatiim ;  an  jiddiliuri  I 
of  mct»l!ic  sulphur«  then  precipitutes,  whicii  i-  > 
that  formerly  obtained.  The  precipitate  cooaisbi' 
phtiret  of  iridium,  Kitlphtiret  of  rhodium,  atilpbim 
palladium,  find  .siilphiiret  of  copper;  while  tbr 
solutnm  contiiioit  iron,  u  lilllc  iridium  and  rhodiun,  i^ 
tr«ri;  of  niaupauese.  During  the  cviiporation  of  ihe 
a  deposit  is  formed  in  the  vessel  of  a  sort  of  fjtv; 
di.•ia^4^eallle  iimellin^  siilphurct,  whicli  caunot  be 
out.  AAer  the  »otution  lias  been  entirely  nttätei 
from  this  substmiee.  it  ean  be  dissolved  by  poarinti 
caustic  ammonia  into  the  capsule.  Ttic  solutinn  » 
poured  into  a  platinum  crucible,  and  evaporaird  v 
ncHS;  the  moitit  metallic  sulphurets  arc*  then  plnrnii 
crucible,  and  roasted  as  lont;  as  suipliuroim  acid  i» 
duced.  Whea  the  roa-stin-:  is  done,  the  openti« 
conceiitrttli-d  iiiuriatir  acid  over  the  mass.  Basic 
of  deutoxidc  of  copper,  and  basic  sulphate  of  y  ^ ' 
palladium,  dissolve,  forming  a  preen  or  ycllovu^. - 
ttotution;  whilt*  the  oxides  of  riiudiuiii  and  iridium,*' 
small  qiianrity  of  platinum,  Fcmain  undissolved. 

The  Koliiliüu  in  lauriatie  arid  is  mixed  with  rU^ 
pota.isiiira  and  nitric  acid,  and  evaporated  to  itjwf 
dark  coloured  saline  ma.1^^  is  ppodticod,  which  c*" 
chloride  of  potassium,  chloride  of  potassitim  *iid("(f 
nnd  chloride  of  potassium  and  palladiam.  Tire  to" 
of  these  suits.  Ix'inir  »olnhlr  in  alrolinl  of  thr  ^ 
parity  of  0,h;W,  «re  oxlriictcd  thereby;  tbc  p^ 
salt,  which  then  remains  bchtad  alone,  isbmo^KT* 
weijjhcd  filter,  and  w:ished  ^vilh  alcohol.  Itcontniv 
]>er  cent,  of  palladium.  ln.stead  nf  procecdiuK  in  lb" 
manner,  tho  operator  can  di^olve  the   mliae  ■*> 
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boiling  hot  water,  and  precipitate  Ihc  palladium  by  cya- 
nuret  of  mercury ;  but  IhLs  methud  is  more  circtinistiiiitial. 
It  deserves  llic  pn-ifrreutT,  lioweviT,  wlwii  too  hirge  a 
ijuautity  o(  diluridc  of  potassiuin  has  to  be  extracted  by 
the  niculiiil. 

Thiti  spirituous  Holutiou  of  the  rupreouK  saJl  ttoulalns  n 
trai-e  t){  paliiidiiiiu.  «Iiirli,  boMcver,  may  be  aUogelbcr 
ncglcrted.  The  sotutioD  is  evaporated  to  get  rid  of  tlie 
alcohol,  and  Ihc  copjicr  is  precipitated  either  by  (.'aujitic 
potash,  or  by  addiDs  stilpburie  acid  tu  tlie  solution,  nod 
insprtinc  metallic  iron.  If  the  operator  wiidies  to  separate 
the  )Hilliidiiim  fnim  the  ropper,  it  mimt  hi;  dissolved  in 
nitric  acid;  the  solution  nni.st  be  turutriillst-d,  und  (lie 
pulbidium  precipitntcd  by  eyaiiiiret  of  uiercury.  Upon 
tbU,  there  is  sometimes  Ibrmcd  an  exceedingly  slif;ht  pre- 
cipitate of  cupri>ouäeynimn>t  of  puUadiiim;  this  is  liltcred, 
bnrnt  with  the  lllter,  and  weighed.  Generally,  however, 
thr  quantity  is  so  small,  that  tlic  weighini^  of  it  is  imprac- 
ticable. 

Uct'oreBKRZKiJUR  b(*amc  arquainlrd  with  the  chloride 
of  potusitiiim  and  palladium,  he  endeavoured  to  precipitate 
|)alludiuin  by  cyumirct  ofmorrury;  but  he  found  that  the 
precipitate  pnKluced  thereby,  in  a  solution  of  palladium 
which  contained  copper,  mis  in'eeniüh;  that  upon  dryiue, 
it  became  darker,  »ml  that  it  contained  copper.  He  knew 
no  other  »ay  of  e.srapini,'  from  this  dillicuHy  than  that  of 
combining  the  mptals  with  sulphuric  acid,  cvaporntiup  the 
Koliition  to  dryness,  and  gently  i^iting  the  salts  for  a 
short  time;  the  object  of  this  operation  being  to  convert 
(be  palladium  >4alt  into  the  basic  sulphate  which  is  insi*- 
luble  in  water,  ßut  (bis  is  an  ojiemtiun  which  requires 
much  precaution:  if  too  slrong  a  heat  be  applied,  the 
copper  .lalt  itself  dwompasew;  if  too  identic  a  heat  be 
applied,  (lie  judladium  salt  is  ilecomposed  imperlecdy. 

The  roasted  sulphurcts  which  could  not  t)c  dissolved  by 
tlic  muriatic  acid,  are  fused  with  bLsiilphatr  «f  potash; 
the  operation  boin^  repeated  as  oltcn  ns  the  dux  acquires 
a  colour.  This  metallic  mixture  contains  miteh  mure 
rhodium  than  the  precipitated  chloride  of  potassium  and 
platinum  olftaiiied  at  llie  iR-^inniu^  of  ihc  analysis.    Tbo 


1A6 


PLATINUM. 


operator  must  pror^^l  in  Ihr  manner  whicb  ImI 
described  at  the  plarc  referred  to,  even  also,  wilblBf 
(o  a  rcrmainder  of  pnliudinin  which  it  is  itstial  toM* 
here.  WhB»  thv  marnt  has  li^eii  ex.huii.sted  of  rbodrv 
fusion  uitli  bi>(ul)ih»U-  of  {KXa^th,  it  is  treated  nidif 
regia,  Htiich  dituolvcs  a  little  platinum,  uud  Imop 
oxide  of  iridiurn. 

The  eonccDirated  solution  from  which  ibc  n^ 
wvTv  precipitated,  contain.s  only  iron,  in  the  stale oTp 
chloride,  a.  small  quantity  of  iridium  and  rtiodisiti,  «f 
träte  ot'iuautrnnese.  It  i.s  mixed  with  a  .siifficicotqM 
of  nitric  acid,  and  boiled  till  the  iron  is  fully  perniäi 
Tlic  peroxide  of  iron  is  then  precipitated  by  canfliti 
iDonia,  nnd  the  precipitate  is  wa.'<hf>d,  if^ii  led,  and  n^ 
Thi.s  penixide  of  iron  contain.s  Iridium  and  rl 
in  t<iich  a  state  of  comhiniiliou  as  to  be  disaolired 
peroxide  of  iron  by  uiuriatic  acid.  Upaa 
solution,  there  remaios,  tu  consequence  of  tlic 
tiott  of  a  siliceouä  mineral,  of  ubicb  tJie  platiaai 
contains  some  gTainK,  a  small  quantity  of  silidi 
undissolved :  this,  howe>'cr,  i.s  conimonly  tu  too 
quantity  to  be  tiiken  into  the  reckoning  of  the 
'jlic  peroxide  of  iron  is  redaccd  by  hydrogeu  i(its, 
metal  i.s  di3.<4ülved  in  muriatic  ucid,  which,  to' 
end,  must  be  warmed.  There  then  rest.s,  an 
small  quantily  of  a  black,  powder,  which  corn 
metals  in  a  condition  not  at  prcMTiit  weU  u: 
When  this  powder  is  exposed  to  au  o^tremd; 
dcRri'«  of  hejit,  it  decrepitates  with  a  dis 
li^l ;  w  lien  heated  in  a  cIosmI  rcsiiel,  it  giyes  mach' 
but  pnidnccs  no  li^ht.  By  iKuiiion  in  the  open 
acquires  tJie  äamc  degree  of  o\idatioi)  a»  the 
iron.  It  is  then  weighed;  its  weight  i^  deducted 
of  the  peroxide  of  irtjn  ;  and  from  the  weight  of  the 
the  quantity  of  imn  is  calculated. 

The  .solution,  which  wa.s  ]>rL-cipiluled  by  oiuKtic 
nia,  Htill  contjiin»  iridium  and  rhodium.      It  is 
carbonate  of  Moda,  in  .suilieient  quantity  tu  d 
ammoniiurul  atiiu,  and  is  cvapomltHl    to  An 
residuu  in  gently  ignited,  and  is  tlten  dissolved  to 
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^n  which  (be  luctalllc  oxides  remain  undissolved.  If 
(o  slrou^:  a  heat  be  applied  to  the  siiluitance  lol)  by  the 
^nporiilioii,  the  sniulion  iilierwanlK  obtained  is  yellow, 
bd  conlaius  a  little  of  (he  oxides  in  solution.  This  evil 
I  avoided  tiy  employing  only  a  moderate  heal.  The  qiian- 
$y  of  manftanc.-w  contained  in  (lie  mrtallic  oxiUL-o  in 
larcely  creater  than  i»  necessary  to  enable  the  operator 
I)  dotcrt  it.  The  tnanifiinese  aflVirrted  l>y  HU  grains  ot' 
^de  platinum,  in  a  rjuanlity  (hat  eann<it  be  weighed. 
L  can  be  extracted  from  the  washed  oxides  by  muriatic 
fid. 

|Ia  onler  lo  avoid  too  ijrcat  a  number  of  little  operations, 
teltzKl.llis  preserves  the  oxides  of  rtuKliiim  .ind  iridium 
HMrated  frum  th«  )H-ro\ide  of  iron  and  IVtim  tlie  saline 
mati,  and  adds  tlicnt  to  the  remainder  of  the  metiiUic 
ppfaurciA,  which  Ls  to  bo  treated  with  bisulphute  of 
The  whole  are  thus  analysed  together. 
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fiedttctioH  by  Protoxulpkate  of  Iron. — Tlic  qnantitatjve 
{nation  of  irold  in  solution  is  efTected  by  reducing  it. 
et  redurtiiin  can  be  elU!cti>d  by  diUTiTeiit  proues-ses,  with 
t^ftlly  good  results.  In  general,  a  solution  of  pnitosol- 
!C;e  of  iron  is  employed  as  the  reducing  agent,  (lold  is 
b  äpitnted  from  its  solutions  thereby,  in  the  state  of  a 
*  S>ro%vn  powder.  If  the  solution  contains  merely  per- 
^■ridc  of  gold,  or  if  it  contains  perchloride  of  gold  in 
k'Ksination  with  muriatic  acid,  the  gold  is  completely 
kced:  it  U  gWMl,  thcrcfitre,  to  acidulate  the  solution 
h.  muriatic  acid.  The  reduced  gold  is  filtered,  very 
Kjy  i^^nited,  and  weighed,  'flic  ignition  can  be  ]>er* 
C&^'d  in  a  plarinnm  cnicible.— If  the  gold  solution  contains 
fi«:  und,  which  is  Imjiienlly  the  caHC,  the  rrdur-tiou  of 
'^(old  must  ibcn  \w  effected  with  more  precaution:  for, 

caquu  rrgia  which  the  solution  will  cuuluin,  can  easily 
issolve  n  portion  of  the  reduced  g<ild.  In  this  case,  it 
Kisablo,  before  the  addition  of  the  protosnlphalo  of 

I,  to  evaporate  the  gold  solution  nearly  (o  dryness,  or  at 
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cbloride.  a  small  quantity  of  iridium  and  rboi 
trace  of  niani^mirsc.  It  in  mixed  nith  a  äuflicii 
of  nitric  acid,  nud  boiled  till  tbc  iron  is  fully  ] 
The  peroxide  of  iron  is  tlieii  precipitated  by 
moniii,  »ml  tlii?|)ri>ri|>ilate  i.HM*u.sli(>(1,  ip-niu-tl,  a 
Tliiü  )i(-r<ixidc  uf  iruii  contains  iridium  and  rfal 
in  KiicI)  u  HtaU-  of  combination  as  to  b«  di^faolv 
peroxide  of  iron  by  nmriatio  acid.  Upon  n 
sulutiuii,  tliere  remains,  in  consequence  of  tlie 
tion  of  a  siliceous  mtneml,  of  which  the  pi 
contains  Nome  i^niinx,  a  small  quantity  of  i 
undissolved ;  tluK,  hoHcver,  is  commuuly  in  t 
quantity  to  be  taken  into  th«  reckoniufc  of  til 
'Tlie  peroxide  of  iron  is  rt^Iuued  by  bydrugen  ft 
metal  is  dLtsulved  in  muriatic  acid,  wliicli,  tu 
end,  mufit  be  warmed.  There  then  rests,  nodi 
small  qnuntity  of  a  bbick  itowdcr,  wliirh  CW 
metals  in  a  condition  not  at  pr<>H«nt  well  v 
When  this  powder  is  exposisd  lo  iiu  extrrm 
dcj^reu  of  heat,  it  decrepitates  uilh  a  dlKenga 
light ;  when  ht-atcd  in  a  closed  vessel,  il  give«  id 
but  produces  no  lit:ht.  ily  ifi:iiiti<in  in  the  oi 
acquires  the  äamc  decree  of  oxidation  as  the  p 

«(V«n        I*  ig  than  mniirhnH  '    it«  «rninrli«   «»  «l^.*..^t».l 
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(bon  whtrh  Oie  mrtallk-  oxidos  remain  tindttfolnd;  -If 

&stn>ui;  ii  heat  Ik-  itppliod  I»  Uiu  .Hiibxtunco  teftby  ^ 
WTittion,  the  soliilion  Hftrrwards  nbtainrd  is  yellow, 
contniitri  a  liltli-  of  thi^  oxide«  in  Auliitioii.  'Ilii»  m-il 
^■voided  tty  (.-mpluyiu);  only  a  moderate  heat.  The  quan- 
IQT  of  manf^HiiPM.'  conlHined  in  the  niftallic  oxides  is 
arcely  urciitcr  ibaii  i.s  nfrt'ssary  to  i-nabk*  thi-  oprrutiir 
H  (Ictrct  it.  Tti«  manganoae  aflurded  by  iM  grains  ut' 
j/Otlo  iilutiniim,  is  a  quantity  Ihut  cannot  be  vrcif^bed. 
i  oati  Uc  extracted  IVom  the  washed  oxides  by  muriatic 

Jin  order  to  avoid  too  peat »  iitimttrr  (if  little  operations, 
tCRiHi.iu»  presorvfs  the  oxides  of  tlHKliiim  mid  iridium 
paratcd  front  the  pc^o^idp  of  iron  iiiid  from  the  .viliue 
a_ss,  and  iidds  them  to  the  remainder  ot*  the  metallic 
(phureLs,  which  is  to  Iw  treated  with  bisolphnte  of 
K.a«h.     Ttiu  uhole  are  thus  analyMnl  ingelber. 
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9fiedHction  Ay  Protosulphate  of  Iron. — Tlic  quantitative 
jBrnation  of  gold  in  solution  is  (?Öet:ted  tiy  rfdiiduK  it. 
im:  nthietirin  can  be  effected  by  dillerent  procesxejt,  with 
MttUy  »nod  resultA.  In  ^nrral,  a  solution  of  protu.tul- 
h-te  (if  iron  is  employed  as  the  reducinj;  a^nt.  (Jold  is 
■eipitiLted  from  il.s  .solutions  thereby,  in  the  state  of  a 
k  brown  pouder.  If  the  soluli(m  rontiiins  merely  per- 
C3ride  of  eold,  or  if  it  eontains  perchloride  of  gold  in 
Csbination  nith  muriatic  acid,  the  ^uld  is  completely 
fciced :  it  is  ii:ood,  therefore,  to  acidulate  the  solution 
hi  muriatic  acid.  The  reduced  gold  is  filtered,  very 
i~9iy  ignited,  and  weighed.  He  ignition  can  be  per- 
kMied  in  a  platinum  crucible. — Ifthe  m>ld  solution  contains 
^ic  a(  id,  whirh  i.s  Impienlly  the  case,  the  reduction  of 
g:old  tiiitsl  then  be  cflccted  with  more  precaution:  for, 
nqtia  re$;ia  which  the  solution  will  contain,  can  easily 
fc-ssoUe  a  portion  of  the  reduced  i^old.  In  this  case,  it 
advisable,  bt^lbr«  the  addition  of  tlie  pmtosniphate  of 
I, to  evaporate  the  gold  solution  nearly  to  dryness,  or  at 
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Operator  must  pracwd  in  the  manner  which  has  been 
described  at  the  pluc«  rcferrfd  to,  even  also,  witli  respect 
to  u  n-niaioder  ofpMllailiuDi  nhidi  it  int  usual  to  find  &g;Hin 
ben\  When  ilic  niiis»i  haj*  been  exhausted  of  rhixliuni  b^ 
fusion  vrith  biNutphate  of  potash,  it  is  treated  vrilh  aqua 
repa,  vhich  dissolved  a  little  platinum,  and  leaves  per- 
'Oxide  of  iridium. 

The  coucentniled  solution  from  whirh  the  sulpburrljc 
were  precipitated,  contains  only  iron,  in  the  state  of  prut»- 
chloridc,  a  small  f|tinntity  of  iridium  and  rhodiuui.  and  8 
trace  of  mangaiicüe.    It  in  mixed  »itli  a  sufiieient  quantity 
of  nitric  acid,  and  boiled  till  the  iron  is  fully  perüxidis(^d- 
Tbü  pemxide  of  iron  in  tlien  precipitated  by  caustic  aia- 
moniit,  and  the  precipitate  is\ra.>ihed.i)rnited,  and  weighed. 
This  peroxide  of  iron  contains  iridium  oud  rhodiuiu,  liuib 
F)in  sucli  a  state  of  combiaalion  as  to  be  dissolved  witb  thv 
peroxide  of  iron  by  muriatic  acid.     I" pun  makinfr  this 
solution,  there  remains,  in  consequence  of  the  decouipusi- 
tion  of  a  siliceous  mineral,  of  which  tlie  platinum  ore 
contains  some  grains,    a  small  (|uantitY   nf  silicic   acid 
undisM>lTvd :  this,  lionrvcr,  is  couiuiuiily  in  too  sniull  a 
quantity  to  be  taken  into  the  rcckoninj;  of  the  analysis, 
mip  peroxidi'  of  iron  is  reduL-ed  by  hydrogim  pas.  and  the 
uielu]  is  dissolved  in  muriatic  acid,  uliicb,  towards  tbi- 
end.  must  be  wanned.    There  then  rcst.^,  nndissolved.  a 
small  quantity  of  a  black    powder,  which  contains  the 
metals  in  a  condition  not  at  present  well  uudurstuod. 
When  tliis  powder  is  exposed  to  an  extremely  {Eentle 
de;;rcc  of  heat,  il  decrepitates  with  a  disen^^cment  of 
light;  when  lieated  in  a  closed  vessel, it  gives  much  water, 
but  produces  no  li^ht.     Uy  i^iition  in  the  open  air,  it 
acquires  tlic  sunic  degree  of  oxidation  as  the  peroxide  of 
Iron.    It  is  then  weighed ;  its  weight  is  deducted  from  that 
of  the  peroxide  of  iron ;  and  fnim  llie  weight  of  tlie  latter, 
the  quantity  of  iron  is  calculated. 

The  solution,  which  was  precipitated  by  caustic  ammo- 
nia, still  contains  iridium  and  rhodium.  It  is  mixed  with 
carbouatc  of  soda,  in  sufficient  quantity  to  decompose  the 
anunoniucal  salts,  and  is  evaporated  to  dryness.  The 
residue  is  gently  ignited,  and  is  then  dissolved  in  water, 
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upon  wbich  the  metallic  oxides  remain  iindissolTed.  If 
loo  »iruni;  a  heat  be  »pplied  to  the  substance  left  by  the 
evaporation,  llie  solution  nfterwards  obtained  is  yellow, 
atid  (-ODiaius  u  littJc  of  the  oxides  in  soliiliou.  Thi»  evtl 
is  avoided  by  rmpluyin^  only  a  moderate  heat.  Ttic  quun- 
tity  of  innne:ane^  contained  in  the  metallic  o:tidc3  is 
»carwly  jn^eater  than  is  nefes.s;iry  to  enable  the  operator 
to  detect  it.  The  mmiKanese  uflorded  by  30  fn-aiiis  of 
crude  platinum,  in  u  tjuantity  that,  eanuot  be  weiglii-di 
It  nan  be  extracted  from  the  washed  oxides  by  muriatic 
acid. 

In  order  tn  avoid  too  irreat  antimber  of  littlf>operaiions, 
BKR/.Ri.iij'h  preserves  the  oxides  of  rlimliiim  »nd  iridium 
separated  from  llie  peroxide  of  inm  »nd  from  the  wdino 
Tnafi».  find  adds  them  to  the  remainder  of  the  metallic 
fi til |>bu rets,  «liich  iit  to  be  treated  with  biäulphulc  of 
potash.    The  whole  are  thus  analysed  togetber. 
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XXX.    GOLD. 

Redaction  hy  Prolosulp/iatc  of  iron. — The  quantitative 
estimation  of  ^oM  in  solution  is  effected  by  reducing  it 
The  reduetiou  can  be  efiected  by  dilTercnt  processes^  with 
equally  good  rejoilts.  Id  ;,'eueral,  a  solution  of  pmtosul- 
phate  of  iron  is  employed  as  the  reducing  a^nt.  Gold  is 
precipitated  from  its  solutions  thereby,  in  the  state  of  a 
tine  ttro^tn  powder.  If  the  solution  contains  merely  per- 
c^oride  of  icold,  or  if  it  ctmtiiin»  perchloride  of  f;old  in 
rombination  with  muriatic  acid,  the  i;old  is  <:oiiipletely 
reduced:  it  i.<i  ^hhI,  therefore,  to  acidulate  the  xolutinn 
with  muriatic  acid.  The  reduced  gold  is  filtered,  very 
Rently  icniled,  «nd  weifrhed.  Tin*  itniition  can  be  |mt- 
formed  in  a  platiMum  crucible. — If  the  gohl  solution  contains 
nitric  acid,  which  ih  frequently  tbe  case,  the  reduction  of 
the  jrold  must  then  be  ellecled  with  more  precauliou:  for, 
th«  aqua  re^ia  nliich  the  solution  will  contain,  can  easily 
redissotve  a  portion  of  the  reducc^d  ^"XA.  In  this  case,  it 
is  advi.4able,  Iiefore  the  addition  of  the  protosulpliate  of 
iron,  to  evaporate  tbe  K<Jld  sobniun  nearly  to  dryness,  or  at 
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any  rale,  until  all  the  nitric  acid  has  I»Pcn  expelled,  nnd 
chlorine  bogiiis  tu  I»«  disengaged.  Or,  instead  of  this 
mclhod,  Üie  operator  mtiy  ^adiinliy  add  murialic  nrtil  to 
the  solution  wlillc  it  is  being;  lu-ated;  the  nitric  Qcid  i$ 
likewise  decomposed  by  this  process,  M-hicb  produces  free 
rhkiriiie.  The  solution  is  then  diluted  with  water,  and 
mixed  with  a  suflicient  quantity  of  [irotosulpbate  of  iron. 
IT  the  evaporation  of  (lie  solution  produce  a  deposition  of 
gold.  l>pforc  the  addiliou  of  tlir  S4)lutiim  of  prolOAiilphatc 
of  in>u,  this  dues  no  hanu:  it  its  lUuuy.i  tlie  citsr,  wbeo 
the  solution  has  been  so  far  evaporated  that  chlorine 
lieEJns  to  Iw  diseneag'ed,  and  protuchlnride  uf  gold  to  l>e 
fonnrd. — Ciold  can  also  be  Tedai:ed  from  ttü  solutious  by 
the  additiim  of  a  solution  of  piotonitrate  ot'  merciny. 
This  method  of  precipitating  cold  is,  however,  not  so  good 
as  that  desorilK:(l  ai>o%e.  The  solution  nniHl  not,  in  ilus 
«ose,  contain  too  much  nitric  acid.  The  resoltint;  precipi- 
tate must  be  more  strongly  ignited  than  in  the  former  case, 
in  onler  that  all  the  nicrciiry  may  be  expelled. 

Reduction  hy  Oxalic  Äcid.--\xx  many  case»,  the  operator 
can  employ  with  advanta>^  oxalic  acid  ur  ovulates  in  the 
reduction  of  gold.  When  a  solution  of  pure  oxalic  acid  is 
employed,  the  gold  is  slowly,  ind{>e<l,  but  {icrfectly,  reduced. 
'llie  solution  of  gold  must  undergo  a  pretty  long  and  warm 
digestion  with  ihe  oxalic  acid  ;  about  48  hours  is  retpiistle. 
During  the  reduction  of  the  gold,  a  disengagenent  of  car* 
bonicacid  taJtes  place,  on  which  account,  the  operator  must 
lake  care  that  nothinj;  is  lo^t  by  eficnc&cence.  The  pjtd 
reduced  by  this  proceÄ«  appean*  more  in  the  form  of  fun- 
yellow  lamella?,  und  not  ivn.  pimder,  a.*;  it  doe.-*  when  reduced 
by  prnlosulpliateof  iron. — If  tin:  operator  wi-sht*:«  to  employ 
an  oxalate,  he  can  only  take  such  as  contniti  a  buM-  whicb 
can  form,  ^titb  the  muriatic  acid,  a  chloride  tiial  i»  soluble 
iu  water,  and  such,  too,  as,  when  nitric  acid  is  preceal. 
can  form  with  the  nitric  neid,  no  other  than  a  soluble  com- 
pound. The  solution  of  gold  must  contain  a  quautity  of' 
tree  murialic  ncid,  suflicient  to  decompose  the  oxalate.  If 
it  cnntaiii  too  uiucli  nilric  acid,  thrn,  in  thift  case,  as  in  tbc 
reduction  of  g^old  by  pri>to.suJpJiute  of  inm,  Ibu  uqua  ttsiu 


RP.PARATION  PROM  SM.VRR. 


150 


Uir  Kolution  raii  n><lJRSoivt>  a  portion  »f  the  rttliired 
^old:  it  is  iiMTwsarj-,  lh(■^^^o^c,  t«  t^xprl  the  nitric  ucid,  in 
the  manner  which  has  boon  dcÄCribcd  above. 

Separatio»  from  the  OtiiIm  of  mast  Metah. — Gold  Pan 
also  be  prccipilaled  in  the  metallic  state  by  many  other 
substances;  those,  however,  which  have  been  tut-ntioned 
above,  appear  to  art  most  cffectualiy.  Tn  consequence  of 
bctnf;  so  easily  re<lucible  from  its  solutions,  ^old  can  Iw 
reaiHly  Re|)arated  fntni  most  ol"  the  metallic  oxides  which 
have  hitherto  been  treated  of;  since  htit  very  few  of  these 
oxides  ran  he  precipitated  Tnini  their  sulntionii  by  the 
reagents  which  serve  to  n*ihicir  irold.  In  cases  of  sepnm- 
UoD.  such  as  tho^e  alluded  to,  (be  reduction  of  i;oid  by 
oxalic  acid,  or  by  aji  oxalate,  is  generally  to  be  preferred 
to  the  reducttmi  by  pnttosulphiitc  of  iron ;  iM?«au.<e,  when 
the  latter  is  employed,  it  becomes  necessary,  after  tli« 
(iltratton  of  the  soltition  from  tin-  reduced  gold,  to  separate 
the  iron  before  proceedin»  with  the  farther  anulyfii»  of  the 
solntioQ. 
'^Itrn  ^iild  alone,  unaeeompanied  by  any  other  metal,  is 
rontained  In  a  Koluttitii,  the  solution  can  be  eraporatrd  to 
dryness,  and  the  dry  mass  he  ignited,  upon  which  regidinn 
Kold  remains  behind,  providinjj  that  no  other  (ixed  wih- 
stancc  formed  part  of  the  solution.  The  pold,  however,  is 
then  spread  over  the  whole  surface  of  the  Tcssel,  and  is 
much  more  difHciilt  to  be  withered  toother,  than  when  it 
h:is  been  precipitated  by  a  reilucinp  substance. 

SepaTat'ttm  from  Siher  and  base  Mttnlx  Ay  CHjteUntum 
tmd  \Uric  Ac'ul. — When  t;()Id  is  to  be  separated  fnim  otlu-r 
motab,  a  variety  of  methods  may  Iw  employed.  If  pold  bo 
combined  nith  silver  and  base  nietnis,  the  proportiima 
of  the  ifmslitnenis  are  determined  by  ctipplhitinn.  The 
relativr  pnipurttotis  of  tlie  constituents  bavint;  been  first 
determined  approximately  by  a  proof  with  the  touch-stom-, 
the  alloy  is  minplcd  i%irh  an  acciirately-weiphe<!  quantity 
of  pure  silvL-r,  which  must  amount  to  iiltoiit^tj  times  the 
weight  of  the  cold  in  the  alloy.  The  proper  quantity  of 
lead  is  then  aildcd.  After  ruiM-dbilion,  there  rr'niains 
behind  »n  alloy  of  };^lil  and  .sliver;  having  determint^l  the 
weight  of  which,  the  operator  can  reckon  the  qtiauUty  of 
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base  metal  from  Iho  ]oss  of  weight.  Tlic  alloy  of  ^Id  and 
silver  is  tltcn  liuiiimi-rc<l  into  lliin  leavcij,  nbich  arc  rtillt-d 
tocether,  and  exposed  to  ipiition.  A  weijjhed  ()iiantit>-  of 
tliis  ignitfd  alloy  in  treated  willi  nitrir  acid;  whereupon, 
a  sulation  of  tlie  silver  is  obtaiued  «Ml«  the  gold  rcmHins 
behind,  preserving  the  rurm  of  tlie  rolled  lea%'Cä.  FresJi 
qimalilics  of  nitric  acid  ate  added,  until  the  solution  lost 
formed  gives  no  precipitate  with  muriatic  acid.  The  gold 
is  then  wcifi'hed,  and  the  quantity  of  »ilver  reckoned  frum 
ihe  loss. — It  i.s  well  Vnown,  ihat  «hen  silver  is  alloyed 
nnlh  a  large  quantity  of  gold,  it  cannot  bo  »epaniliHi  fnan 
it  by  nitric  acid.  It  is  oa  this  accoani,  that,  prcviou«  lo 
the  ctipellation,  such  a  quantity  of  silver  is  added  to  tlw 
alloy  as  is  necessary  to  render  it  completely  decomposable 
by  nitric  acid. 

Stf]>ttrutiaii  frum  base  Metuh  iy  ?!\trie  Acid. — Since  gold 
is  not  attacked  by  .simple  acids,  it  nii^ht,  in  general,  be 
scpanited  by  diluted  nitric  acid  from  iiit;tals  which  aro 
Aolublc  in  diluted  nitric  acid.  The  operator  should  not 
employ  too  slnin^  an  acid,  uor  sliuuld  tho  nitric  acid 
employed  for  this  purpose  be  lioilin^,  otherwise  a  |»>rti<iu 
of  nitrous  acid  would  bo  produced;  the  consequence  of 
whjrh  might  be  the  dissolving  i»f  an  cxtreniely  slight  trace 
of  gold.  It  is,  however,  to  be  borne  iu  mind,  hereby,  tlist 
there  are  many  metals  which,  eitlier  when  ulonc,  or  trben 
combined  with  certain  otlier  metals,  dissolve  readily  in 
nitric  acid ;  but  which,  nevertheless,  when  alluyed  witii 
gold,  and  especially  with  a  lai^  proportion  of  ^Id. 
become  altogether  insoluble  in  nitric  acid.  It  is,  tfacre- 
Ibrc  better,  in  all  cases,  when  an  alloy  of  gold  is  to  be 
qnantitativdy  analysed,  to  dissolve  it  in  aqua  regia,  to 
e\pel  the  excess  of  nitric  aciil  fnmi  the  solution  by  mnri- 
atic  aeid,  and  llien  to  precipitate  the  gold,  which,  in  this 
ca^e.  it  is  best  to  do  by  reduction  with  oxalic  acid. 

SejMration  frum  Ä'i7twr  by  Aejita  Regia. — Gold  can  ttiy 
well  be  separated  from  silver,  oven  when  the  gold  ia 
present  in  largtt  proportion,  by  boiling  the  alloy  in  aqua 
regia:  the  gold  is  completely  dissolved,  while  the  silier, 
after  dilution  nitl)  a  lat^c  quantity  of  water,  rrmaiss 
perfectly  undissolved.     It  is  wholly  ctuivcrte<l>  bowcvcr. 
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into  chloride  of  silvvr,  often  preserrin^  the  externa)  form 
of  ibe  compound  Kul>mitli>(l  lo  analyiiiit.  Fmm  llie  Kolutiun 
filtered  from  tbe  tliloridi;  »f  siKer,  llir  gold  ran  be  pri-ri- 
pilated  by  prolosulpbutc  of  iroo.— OJlen,  however,  die 
resultini;  chiorido  of  silver  can,  accordiiu;  to  BoussiN- 
oai;lt  {l'oGcii\poRPi''s  Annale»,  B.  X.  p.  315),  rontnin 
a  siuoll  Loruel  of  gold,  uhieb,  elothed  by  i-liluridr  of 
silver,  has  been  protected  from  the  action  of  the  aqua 
rrgiii.  It  is  then  (Matter  to  employ  ritpelliitinn ;  »r  to 
decant  the  solution,  to  dissolve  Ibe  coYerinie  of  chluride  of 
silver  by  Biumonia,  and  then  to  treat  the  keniel  with  a 
fresh  ipiantit)-  of  Bipia  regia- 

Prtclpllnfivn  Ay  Sulphuretted  Ifj/driyen  Gas. — Gold  can, 
mon'OTcr,  be  completely  precipitated  from  an  acid  »nd 
diluted  solution  by  sulpliitreltcd  bydnigen  gas.  [t  can, 
therefore,  be  thus  separated  from  the  substunccs  wbich 
sulphuretted  hydroffen  (fas  is  incapable  of  procipitntinf; 
from  arid  solutions. — The  precipitation  muKt  be  elfpcted 
in  the  cnld.  and  tlie  resultini;  black  sulphurct  of  f*<ild  must 
be  very  speedily  liltered;  because,  U*  ibe  solution  Iw 
allmted  lu  repose,  the  sulphur  of  tlie  sulphurct  of  gold 
becomes  oxidised  to  sulphuric  acid,  and  remains  dissolved 
in  the  solution,  while  gold  is  set  free.  The  sulphurct  of 
gold  is  dried,  and  then  i)n>iled  in  »  platinum  crucible;  the 
sulphur  is  volatilized,  and  metallic  ;Kold  remains  behind, 
and  can  be  wcigheil. 

Srjmralion  from  Phlinim.  —  As  sulphurct  of  (fold  is 
dissolved  by  a  icreat  excess  of  bihydnMutphuret  of  am- 
monia, the  separation  uf  ^uld  from  |ilatiiiiim  by  that 
reagent  is  impmclicable.  The  two  metals  can  <iniy  I» 
srpanit»!  by  cunceiilraling  their  solution  in  aqua  regia, 
mixius  it  with  a  solution  of  muriate  of  nnimrmia,  or  of 
chloride  of  potassium,  and  then  adding  alcohol.  A  preci- 
pitate is  then  formed,  containing  chloride  of  platinum 
with  muriate  (if  ammonia,  or  chloride  of  ))«»tassium.  This 
must  iMr  naslird  »ilh  spirits  of  wine;  after  which,  the 
qnantily  of  platinum  it  contains,  is  to  l>e  estimated  in  the 
manner  previously  described.  From  the  filtered  solution, 
the  ^oldi.-4  next  precipitated,  either  by  a  solution  ufprolo- 

Cif  iron,  or  of  oxalic  acid. 
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XXXI.    TIN. 

Pmipitatia»  in  the  State  of  Paraxide  of  Tin.~^Ttl» 
method  Ijy  wbtcli  tin  Ik,  in  ^>neriü,  quantitHtivtiJy  paJ- 
iniiti^I,  is  that  of  littiling  it  nhJi  titirir  uf'id.  Thi»  opcratioa 
cfitiverts  it  iiilo  ptiru\itlr  ol'liu,  whiuii  is  iusuIuUle  io  tknt 
acid.  ^lieDlin  exists  iu  soltitjtiu,  in  the  state  of  protoxide 
of  tiQ.  nitric  and  is  added,  nnd  the  solution  i^  coQf:eiitraled 
by  ova|iomliun;  llie  jmituxide  i*i  thereby  converted  into 
pieroxide,  which  is  not  oiiiy  insoluble  in  nitric  acid,  bat 
hIso  in  snl|ihiiric  iirid.  lliit  if  the  sohttioii  contains  a  larr» 
quuntity  ofiutiriatic  arid,  llieii  a  )H)rtiuii  of  tJiu  prnixidi; 
cf  till  can  be  dissolvnl;  to  prevent  the  ill  efi'ccta  of  this 
urid,  a  suHirieul  quantity  of  nitric  acid  must  hut  added  tu 
tilt!  .sulutioQ,  und  the  uhohi  must  be  evaporated  till  tiifl 
muriatic  acid  is  either  destroyed  or  expelled.  The  remdl- 
iug  insoluble  peroxide  of  tin  ü  thereupon  filtered,  i^niiled. 
and  weighed.  The  operation  is  condncted  ia  a  similar 
manner,  wbeu  the  solution  contains  peroxide  of  tin.  It  \a 
then  likewise  boiled  with  nitric  acid  till  the  peroxide  of  tin 
is  precipitated.  Even  when  the  solution  contains  that 
peculiar  :iiirt  of  penixide  nf  tin  which  is  obtained  from  ilici 
percbloridc  of  tin,  and  ivbieb  is  partially  soluble  in  cold 
nitric  acid,  still,  tlie  operator  obtains,  b)-  boilintr  the  solu- 
tion with  nitric  acid,  tluit  other  raudificalion  of  the  per- 
oxide of  tin  ivhich  is  insoluble  in  niti-ic  acid. 

Precipitation  by  SalpAvretteit  litfdropen  Ga».^-Tm,wheibei 
it  l»c  contained  in  .sohition  hs  protoxide  or  peroxide,  cau 
Ijc  coiuplclr.ly  preeipitutcd  by  Hiilpliiin^tted  liydr<^^n  Ras: 
the  solution  must  be  sulhcientty  diluted  with  water,  bat  it 
may  lie  eilher  neutral  4ir  iieid.  From  solatinns  of  pMt- 
oxide,  tile  sulpburet  of  tin  precipitated  by  Milpliurctlüd 
hydrogen  gas  is  brown;  from  solutions  of  peitixide,  the 
sulphuret  of  tin  precipitated  is  ycUovr.  The  yellow  xii(> 
phuret  of  tin,  which  corresponds  with  the  pcro\ide,  sab- 
sides  much  more  slowly  than  tiiat  which  corresponds  wlli 
the  protoxide.  A^'hea  peroxide  of  tin  is  precipitated  from 
Solution  by  sulphuretted  bydroueu  ^a»,  and  the  sohititm 
ha.1  been  completely  SJilurated  with  the  precipitant,  thena 
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little  enlpburet  of  tin  is  dissolved  l>y  tbe  free  »ulphnrcttcMl 
hyilrii^ii  f^AH.  Tbis  imrtion  nf  tiiilpliuret  of  tin  in,  liuw- 
ever,  n^iu  pcrfttclly  precipitated,  wlit'n  tlie  solution  is 
dif^sted  in  a  very  gentle  heat,  until  it  no  lont^cr  siuelis  ul' 
sutplturctt<>d  hydrogen.  Tho  a^sultiufc  «ulphanrt  of  tin 
nusiht  be  liEtcrcd  on  a  weiphe*!  tilter,  and  be  thereon  dried 
UD<1  wt'i|*l)ed.  Tlie  qiiuntity  of  iwroxide  or  protoxide, 
according  a»  one  or  tbe  other  of  theiie  v/as  contained  in 
ihr  sohilinn.  rould  tlieu  Ik-  calciiliilcd  from  tlii>  mi^-ht  of 
thi:  »iilpliun;t  of  tin.  Itiit  ^%hen  it  is  not  knoMti  wliirli  of 
■  tlic  oxide»  of  tilt  w.i.s  present  in  tbe  solution,  or  when  the 
solution  held  h  nli\t1|r4^  of  l>oth  oxides,  then,  this  mmie  of 
proceeding  cannot  )>c  adopted.  The  boint  method  of  deter- 
mining liow  much  (in  is  conlnincd  in  the  n>:;»ltinK  »ulphuret 
of  tin,  is  the  foltowin<!::  The  edulcorated  Milphurct  in 
bnju^ht  with  tbe  Ulter,  whUc  »tiU  wet,  into  a  cupitciou.s 
k  f;lasM,  or  into  a  üask  with  a  wide  month,  vhich  can,  bo«-- 
'  ever,  be  closed  »illi  u  |,Has>i  stopper.  The  ojiemtur  then, 
gradually,  aud  » ith  proper  precaution,  pourx  fuming  uitri« 
acid  over  the  sulphuret,  during  uhich,  he  must  taiv  parti- 
cular care  that  nothing  is  lost  by  the  »pjrting  produced  by 
the  violent  action  that  tukcd  place.  The  tin  in  thus  con- 
verted into  insoluble  pero.\icle  of  tin;  the  sulphur,  into 
sulphuric  acid.  Tbe  penixido  of  tin  cun  now  be  filtered, 
ignited,  and  weighed  ;  it  is  better,  however,  to  tnin.sfer  the 
whole  into  a  platinum  vcs.H«rl,  und  lu  evaporate  the  nitric 
_  acid  lintt  by  u  Kcnih-  hc-tt,  and  »rterVYanl.s  the  .sulphuric 
I  acid  by  a  stronger  heat.  The  peroxide  of  tin  remaining 
behind  is  then  exposed  to  ignition  in  a  platinum  cnicible, 

IiipUD  uhich  the  .sulphuric  acid  is  entirely  expelled,  and 
pure  peroxide  of  tin  remains  behind  ;  when  thi?«  has  b(>eti 
»cighctl.  the  qimntity  of  tin  can  l»e  reckoned.  Although 
this  method  is  more  circunkstantinl,  it  is  »till  fur  preferable 
to  that  in  which  the  precipitated  sulpbaret  of  tin  u  con^ 
verted  into  p<'m\ide  of  tin  by  strong  if^itinn,  «ith  iiccess 
of  air.  Tlie  pericct  ronversion  of  the  one  into  the  other, 
is  effected  in  iliis  manner,  if  the  qnanlily  of  sulphnret  of 
tin  be  at  all  considerable,  verj  dillicultly^aud  »ith  extreme 
fduwuCHä:  when,  however,  the  tjuanüly  of  sidphuret  of  tin 
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ist  very  small,  litis  mt'tliocl  can  be  employed  with  roucli 
advanla^. 

Se/ftirtition  from  moef  other  Mrfals. — Tl»e  »epanition  of 
till  from  other  metals  is  not  attended  witb  roucli  diffictiliy. 
If  metallic  tin,  combined  with  other  metals,  hi>  presented 
for  nii»ly$iN,  the  alloy  is  iHiiled  with  nitric  »cid.  All  llii! 
□letiils  whirl)  Iiavc  hitherto  been  treat«!  ol',  those  termed 
noble  metalü,  for  example,  iilaHniim,  gold,  &r.  iH'ingex- 
ceplt-d,  are  oxidisrd  by  nitric  arid,  und  all  the  nxidrsso 
pnwliiced,  the  peroxide  ot*  tin  alone  excepted,  are  dissolv«! 
by  nitric  acid;  upon  tilierinju^  thi*  nitric  acid  solution, 
thcret'ore,  the  tin  and  the  other  metals  are  sepHRited.  The 
peroxide  of  tiu  is  weij;he<l,  and  the  qiiaiitiiy  of  melallir 
tin  is  calculated. — AVIicn,  however,  platinum  and  gold  art; 
Cimlainrd  in  the  alloy,  aqua  n-giii  must  be  employed  lo 
ertcct  the  separation,  instead  of"  nitric  acid.  Both  metalä 
are  thereby  dissolved,  and  the  penixide  of  tin  rrmnins  in 
totality  behind,  if  care  be  taken,  previous  to  the  JiltratJon 
of  ibe  peroxide  of  tin,  to  destroy  as  completely  as  possible 
the  free  miirintir  acid  in  the  solution,  by  the  addition  of 
nitric  »cid.  A  better  method  of  separatin«;  platinum  and 
gold  from  tin,  would  be  that  of  treating  the  alloy  with 
^seouH  cblorino,  i»  au  apparatuj^,  »ucb  a^;  has  b<«n  de- 
scribed at  page  77.  Perchloride  of  tin  would  be  thereby 
product^d,  which,  after  volatiliwition,  would  he  diasolvTil 
in  the  witter  rd'  the  flask.  The  <;old  and  phtlinum  woidd 
remain  bebind,  combined  witli  more  or  less  cbtoriue,  ac- 
cording as  a  stronger  or  weaker  beat  bad  been  applied 
during  the  experiment. 

Sppiirntioa  from  the  Oxida  of  Uraninm,  Nickel,  Cobalt^ 
Zinc,  Inm,  and  Mnnganese ;  and  from  the  EartAs  and 
Akalks. — The  oxides  of  tin  can  also  1m;  M-paraled,  bj 
sidphuretted  hydrogen  gas,  from  ail  the  subsiauccs  wbirh 
thai  reagent  if^incapablc  of  precipitating  from  ncid  solo- 
tions.  They  can,  consequently,  lie  thus  .separated  from 
the  oxides  of  uranium,  nirLel,  uobatt,  /.inc.  iron,  and 
gancso ;  und  from  tht^  earths  and  alcalies. 

Srpartitwn  frtmt  the  Oxidrs  of  Vadmlum,  Lead,  Bi 
Copper,  Silrcr,  and  Mfratry. — To  separate  the  oxide«  «f 
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tin  rrnm  thwM-  of  cadmium,  Irad.  biiunuth,  copper,  silver, 
and  nu-rrttry.  ihr  whole  nf  which  an:  prrcipilHble  from 
soluliottd  by  sulphuretted  bydro^n  gas,  llie  bedl  wuy 
'io  proceed  in,  to  supersaturate  the  concentrated  solu- 
tion uith  uiuuionia,  and  u»  pn-cipitnio  it  by  an  exce»»  uf 
bihydrosulphurut  of  aiumonia.  Tbe  sulpfaurut  of  tin  is 
thereupon  redissolved,  while  the  otiior  initphiirrlK  n'niain 
tindisrtolvcd.  Thr  sulpliurct  nf  tin  ut  tlic  maximum  of 
sulphur,  which  corrcspondj*  with  tl>€  pi-roxidc  of  tin,  is 
much  i-asier  dtssohed  tiy  an  {■xress  of  hihydrosulplnirct 
of  anuuouia  than  tlie  .sulphurvt  which  correspundii  with 
the  pmtoxide  of  tin.  The  latter  would  probably  be  in- 
soluble, if  tbe  bibydrosulphurct  of  aiunionin  rould  bo 
obtained  perfectly  free  ftom  excess  of  sulphur,  Tbc 
tin\tiiro  of  tlu''  ammoniiiciil  metallic  itolulion  with  tb« 
bihydros(dpliun>t  of  iuiirnuiiiu  muül  be  digested  at  a 
very  gentle  heat,  in  a  mairasä  closed,  but  not  completely 
air-litiht,  by  u  cork ;  the  nu-tailic  »ulpliiirul.s  which  oro 
insoluble  in  biliydrosulphuret  of  ammonin  then  subsido 
better,  and  the  solution  of  the  stilphuret  of  tin  raon>  easily 
follow».  If  the  Külutiun  contain  protoxide  <if  fin,  then 
the  hibydnwiulphuret  of  aiumonia  which  ix  employed, 
must  be  mixed  with  a  little  powdered  sulphur;  tliis  has 
the  etfcet  of  producing  the  highest  sulphuret  of  tin,  which 
is  easily  soluble  in  bihydrosulphuret  of  nninionia.  The 
undis-solved  sulphiirets  an-  liltered,  and  washed  m  ilh  water 
min^leil  with  biliydrosulphurct  of  ammonia.  They  are 
then  rxaminrd.  urcordiug  to  methods  which  have  been 
givi-ii  iu  the  preceding  itections,  with  a  view  to  thoqunn- 
titalive  estimation  of  ihcmetaU  which  they  contain.  To 
the  solution,  filtered  from  tbe  sulphurcts  and  diluted, 
muriatic  arid  i*  citiitiouKly  added,  until  the  solution  is 
acid ;  whereupon,  sulphuretted  hydrogen  pa»  in  set  free. 
And  sulphuret  of  (in  precipitates.  Thcsolutiou  is  digested, 
in  n  c'^ntle  heal,  until  it  no  Ione:er  smells  of  sulphun-tted 
hydrogen.  I1ie  solphuret  of  tin  is  then  tillered,  and 
converted  into  peroxide  of  tin,  by  the  process  descrilted 
above. 

Sejmralion  of  Protoxide  of  Tin  from  Peroxide  of  Iht. — 
If  a  solution  contain  both  the  protoxide  and  the  peroxide 
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of  tin,  or  the  protoclilorido  aiid  the  porchloride.  xuJiW 
qnantity  of  each  is  to  be  detenuinfMl,  the  best  «■;■ 
pmci-cd  is  ns  fnllows :  Tho  tin  Kohitiiin  is  gTuduiiny  pMi^ 
into  u  tfululiou  ui  )H:rchluriil«  uf  mercury,  whereupNk* 
protoxide  or  protochlorido  of  tin  converts  n  padiomrfih 
perchloridii  of  mi^n'ury  into  prutocbloridu  of  niurcury.i^ 
precipitates  iu  the  fonu  of  iusoluble  scaly  rrystak.  bi 
filtered  upon  a  weighed  liltcr,  wtishcd.  drird  nl  1 1^ 
pontic  heat,  <mii  wcij^cd.  From  the  weight  of  this  pfo» 
chloride  of  mercury  it  iä  easy  to  calculate  how  nuicli)i* 
«Kide  or  pminrlilohde  of  tio  was  contained  iu  the  solM 
from  wltich  it  ua»  precipitutcd  ;  for  tlic  qnantity  ofcUMV 
cootainecl  in  the  prolocbloridc  of  mt*rcury  is  the  smbb* 
the  quantity  of  dduriiie  oucilained  in  the  pniliK'hlafidtt 
liu  by  whicli  ii  wu»  precipititlcil,  or,  uu  the  other  livuLdi 
quantity  of  cfalorioe  in  tho  protorhloride  of  meicv;  i 
equivalent  lo  the  quantity  of  oxy^t-it  in  tho  iirotuxidrrf 
tin  wliicb  nctcd  an  a  precipitant.  Knowing  this,  it  iioQ 
to  tind  the  quantity  of  protoxide  or  protochlorido  of  ■ 
With  Hnälher  portion  of  the  Kolutioii,  the  i|Urtii1itT  oTv 
ifi  detumiiued  by  one  uf  tho  luvtliculs  described  alnr. 
best  of  all,  perhaps,  by  means  of  sulphuretted  bjfdnf» 
^as.  From  the  quantity  of  tin.  It  \s  then  easy  lo  nd* 
that  of  the  peroxidv  or  pcrddoridv  of  tin. —  In  the  ftea^ 
tation  of  the  prolocliloride  of  mcrciuy,  tho  pivcjiution  it* 
be  obser\ed,'uf  drnppinK  the  solution  of  tin  into  tbcii» 
tion  of  percbloride  of  mercury,  and,  se(x>ndl\,  ni  iuiria^a 
exccMi  of  perchlortde  of  mercury  in  tim  solution;  ote 
wifK,  the  prolocbloridc  of  mercury  might,  in  both  caii(a.k 
reduced  to  mvtaUic  mercury.  The  tvholu  miisi.  baätn 
be  warmed,  and  the  re^iultiiii;  prolochlurido  of  merMlvk 
allowed  to  repose  sonic  time  before  tiltratiun. 

Amxlytis  nf  yaUve  Peroxide  of  2»«. — Peroxide  if* 
occurs  in  natun-,  riiuibinud  with  but  few  forcagn  a^ 
stances,  uud  yet  iu  such  a  state  of  cumpacinea:!  u  wit 
tnaoluble  in  acidn.  Pactiiiouti  peroxide  uf  tin  also  acfl 
ihe  property  of  irisolnbility  in  »cidK^  hy  beitu;  bMMi* 
redue.s.«.  If  ilii:  (li(fmi.st  denirex  to  deteruiine  qmMll»- 
tively  the  small  admixture  of  foreign  substanon  ii  ^ 
native  pcrooiide,  it  is  nocetuary  to  reduce  the  «ij^— im 
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Tcrylioc  powder  by  Icrigation,  to  miK  it  with  tbre«  ur  I'mir 
time.<i  its  <|iiantity  ul'  raii>oiiatf  of  piitaüb  or  carbunate  of 
soda,  and  ilierüwitli  to  iirnilu  it.  Carboiiic  acid  ^ras  is 
then  disengaged  by  the  t-arbonute  of  potash,  ko  IIidi  Ihu 
h«at  ntiuit  be  applied  very  gradtially.  Tbc  Kainv  mcu«un-s 
of  precaution  arc  to  be  «bacrvcd  in  lliis  case,  as  in  the 
tuKiii;;  (»rsilitnc  acid  or  silic]ite.s  witb  carbonated  aU^ulicH; 
it  is  uuutri  i-ssar\',  however,  tu  dfitcrib«  them  circumstan- 
tially bere.  äiuce  tbey  will  lie  pro)H-rIy  explained  farther  on» 
under  the  article  Siliciiini. — Alter  i'usion  »itb  the  aicali, 
the  peroxide  of  tin  is  soluble  in  acida.  Tlio  operator  coo 
then  estimate,  not  only  the  quantity  of  the  peroxide  ol'Un, 
but  of  tlie  forei.Rn  subsuuice»  which  were  iiimbincjl  with  it, 
and  which  now  form  )Ktrt  uf  the  Mdntiun. 
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PrfcipUatioH  of  Tilanic  Aäd  htj  ^mrnottio.— Titanium 
is  best  precipitated  Irom  solutions  in  whidi  it  exists  as 
titanic  acid,  by  anunnuia.  Tbc  prucipitalv  is  bulky,  and 
similar  to  that  afforded  by  alumina.  A  great  excess  of 
atnmonia  must  be  aToided,  otherwise  an  extremely  small 
quantity  of  titanic  arid  may  nrmnin  in  .iiihition.  It  ia 
therefore  advisable,  alter  effecting  the  precipitotion  by 
ammonia,  to  allow  \\w  whole  tn  remain  in  a  warm  place, 
until  die  irreater  part  of  tlie  excels  of  ammonia  has  vola- 
.  tilized.  The  bulky  precipitate  of  titanic  acid  shrinks  very 
P  considerably  darine  the  drying :  when  dry,  it  is  if^iited, 
aiid  wciijhcd.  It  acquires  n  strong  lustre  from  the  ieni- 
tion.  The  weighing  must  be  performed  in  a  well-tJosed 
platinum  rnicible,  and  as  soon  as  the  cmrible  is  cuul 
enough  to  he  handled ;  otherwise,  the  titanic  acid  in- 
creases very  considerably  in  weight,  by  the  attmctiun  of 
inointnre. 

Precipfttiliim  of  Titanu:  Arid  b'j  /foiling  thr  SolHtivn.—— 
Chemists  have  often  adnptcd  the  method  of  precipitating 
titanic  acid  from  its  ai-iri  sniutions  by  a  cnnfiniied  boiling 
of  the  liquid ;  the  titanic  acid  is  lhen*by  rendcn*«!  insolii- 
Mr  in  the  acid  by  M'hich  it  was  dissolved,  and  is  ohtiiincd 
In  til«  form  of  a  heavy  precipitate.    But  even  when  the 
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boiling  ha.<f  been  continued  for  a  long  lime,  ilientft^j 
remainK  a  porlion  of  titanic  acid  in  »ttution;  and  lb  | 
portion  ciin  unly  be  obtained  by  evaporiitin«  the  sohti  : 
tci  drynt'Ks.     Wlirn  the  titHtilc  arid,  prvf'ipitated  \iiy\ti 
ing:,  18  filtered,  liic  solution  pa.sües  UirouKb  the  fUuTil 
clear  as  it  need  do,  as  long  as  it  U  acitl ;  but  if  the  aiia^  | 
be  made,  to  wash  tlie  titiuiie  ucid  \«'itb    pure  wati-r.  A» 
liquid  passes  thruu};h  lli«  filter  like  milk,  and,  finitllt./| 
the  washing  witli  water  be  ronlinued,  carries  all  the  tilM  i 
acid  away,  and  lca\»«  notliinff  w  the;  filler.     Tlieesfdl»  | 
meat  of  »tfwne  lillcrin*  paper  docs  not  prc%-cnt  thisfftn 
II  can  only  l»e  prevented  by  ediilroratiiig-  tlio  picdpiCB 
with  a  niixtan'  of  water  and  acid,  thuu^h  even  inttMJ 
case,  a  portion  of  titanic  acid  is  still  dissolvtHl.— Ii  is  id) 
when  titanic  acid  is  dissolved  in  sulphuric  acid,  ttiai.» 
cording  to  Bbrzklivs,  upon  diluting  the  solution  «iAi 
Ihfjtp  quantity  of  water  and  then  boiling  it,  llie  liiaiiirial| 
can  be  fully  j>re('ipitated. 

For  the  reasons  above  mentioned,  ihi;  titKuic  acM< 
not  be  äeparatud  from  oilier  »ubstant-t-M,   by  liuiliii$l'{ 
acid  solution,  aod  filtering  the  precipitated  titanic  K* 
from  the  solution  of  the  diBsolved  subKtanccs.    £flB<| 
the  titanic  acid  were  to  be  fully  precipitali-d,  vvbtcb.1 
ever,  is  never  the  rase,  yet  then,  so  many  dirtieuJiii'-n 
arise  from  th«:  impossibility  of  properly  -wiuhing  tbc]»! 
cipitate,  that,  even  on  thut  account,  ibis  method  of  «4» 
ration  eould  not  be  rmploypil.     It  bun  been  propOHl*! 
overcome  the  dilfsculties  of  washing  the  titanic  aeiil.  p 
cipitated  by  boiling,  by  employing  a  solutiou  of  naau  fli 
of  ammonia.      Tiliti  wan  to  pn^vrnt  the    passing  of  ^ 
titanic  acid   through   the  filter  with  the   water,  and* 
consequent  formation  of  a  milLy  solutinn.     But  aaim 
nately,  the  ammoniacal  «alt  cither  docii   not  prevent  Ai 
efiect.  or  it  makes  the  titanic  acid  stop  the  ponssofAi' 
pu]H;r  so  completely  that  the  wasfa-wat(rr  can  no  htf  I 
pass  through.     If  a,  little  ammonia  is  added,  then  imM 
the  liquid  runs  elrar  from  the  filler;  but  if  the  suluhlKK 
which  is  to  be  separated  from  the  titanic  acid,  be  VKOft- 1 
able  by  ammonia,  the  object  of  the  washing  is,  of  coam 
quite  lost. — More  recently,  the  following'  method  luuhit 
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praposoil:  1i\'lieii  tlic  precipitation  of  the  titanic  ncid  hits 
been  effected  liy  boiling,  the  acid  solution  is  rvaijorated, 
oiiher  qiiito,  or  nearly,  to  dryness;  ihc  evaporated  masa 
is  then  treated,  either  with  pure  or  acidulated  water.  But 
atl  these  meliiotls  are  to»  imperfctTt  lo  give  results  even 
a ppnixi mating  to  nccurucy. 
_  To  separate   titanic  acid  qnnntitalivdy  froni  loreiK» 

P  sulMitunces,  the  operator  must  tbcreforc  proceed  after  other 
inethm).«.     Analy.«'.«  ot'lhiR  L.iiid  are  oCleii  art'oiiipitniifil  by 

»difficulties  so  great,  lliat  dienibtls  are  still  far  from  being 
able  to  separate  titanic  acid  with  accuracy  from  all  other 
mbstanoes. 

ti>€paratbOH  from  the  Oxidts  of  Tin,  Mrrcitrif,  SUver,  Cop- 
per, Jiismath,  Lead,  and  Cadmiam. — As  tltuuic  acid  is  not 
preripi table  fmm  acid  solutions  by  sulphuretted  hydrt^en 
gas,  it  eun  be  si-paratnl  fniiii  nil  the  iiiettillic  oxides  ulnch 
sulphuretted  hydrogen  gas  pn^cipitatcs  from  acid  solu> 
tioiut. 

SfjMirutivn  from  the  Oxides  of  Cobalt,  Zinc,  Manganese, 
jS-c— The  metals  whieb  arc  pnripitatcd  in  the  state  of 
»tilphnrets,  from  neutral  or  alcaline  solutions  by  bihydro- 
sulpluiret  of  luumnnia,  can  he  perfectly  separated  from 
litauic  acid  by  the  Iblluwini;  procesa:  'Hie  operator  adds 
to  the  solution,  which  in  ireneral  can  only  be  acid,  a  solu- 
tion of  tartaric  acid,  which  n>rident,  not  ouly  tlio  titanic 
acid,  but  also  nearly  all  the  oxides  with  which  it  can  cxIkI 
_    in  solution,  incapable  of  precipitation  by  ammonia.     The 
I  ftolati<in  is  then  supersulunited  uilh  ammonia,  upon  which 
■m  precipitate  is  formed,  if  the  proper  rpmntily  of  tartaric 
^niAd  has  been  added.     To  this  ammoniAral  ätdution,  b:liy> 
I  (IrcMulphuret  of  »nimimia  is  now  added,  whereupon,  all  tl)o 
mptallie  oxides  are  precipitated  as  siitphurets,  wbilr  the 
titanic  acid  remains  unartt-d  U|H)n.      'I'lie  precipitate  is 
tillered, and  washed  with  uaterto  which  hihydrotiulplturct 
of  ammonia  has  been  added.     To  determine  frtmt  ibew 
sulphurels,  tlie  quaiiiity  of  o.'tides  which  existed  in  ilie 
solution,  the  precipitate  must  be  treated  in  the  manner 
ubich  has   lM-en   previously  dexrril>ed. — Jt   is    now   more 
dilttrult  to  drtcrminr  the  quantity  of  titanic  arid  cxislinif 
iD  the  solution  fdtcred  fnmi  the  metallic  sulptmret^.     If 


Tiefiina,  anfl  can  De  wmfiwa;  II  ih  whim^wIi 
Imwcvcr,  fiiliy  In  bum  auuy  the  chnrcoul 
crucible  over  tbc  spirit  lamp  with  double 
hut  this  iti  effrrtcd  both  easily  and  comp|«( 
<'ouiiti?rptiUed  jilntinum  cra<-il>t(>  is  plac«d  in  tA 
a  snuili  healed  tvttmy  funmre.  If  the  tartmni 
plnTc<I  rontulned  lime,  which  is  almost  inTariftI 
MitI)  the  tartaric  acid  obtainrd  Troiu  chemical  i 
the  whole  quantity  of  lime  remains  behind  with 
acid,  the  wei|r)it  nf  whidi  will  be  tlierotiy  raadl 
In  this  ciiKe,  the.  re.iuUin^  titanic  acid  tnttst  bei 
platiinmi  crucible,  with  from  three  to  fuiir  times 
nt'<')irbonate  of  potash  or  of  Roda.  and  be  fiiMcd 
Tlic  fused  vaasn  in  thtm  to  lie  «ubjectcd  to  tli 
diluted  muriatic  acid,  in  which  it  completely  t 
tliu  application  of  heat  is  avoided.  The  solutio 
with  WHtt-r,  and  the  titanic  acid  is  pr(!«i|iita| 
monia. 

Separation  from  tie  Oxides  of  frotu — TIic  atxivi 
particularly  adapted  to  the  separation  of  titanii 
the  o\(des  of  iron,  with  which  it  fortiis  rornp 
occur  in  aatnre.  But  »a  the  titanic  acid  -jft 
comhinefl  both  with  peroxide  and  pnitoxidH 
nnnlysis  must  be  iHirformed  with  two  cliffcrent 
th('  compound.  'Vhe  two  Mei^ied  quunuties, 
levii^ated  and  dried,  aro  plac«d  in  ylnnijPB  nft 
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of  Koctiuni  and  cold  is  adiliNl,  litr  tlie  purpose  of  aHCvrtnin- 
ing.  in  llif  nmiiii<*r  di-scribwl  »I  pagi:  71,  the  quantity  of 
prot»\ii!f  nf  iron  cf)ntuiit<Kl  in  tbe  substance,  I'rnm  tito 
quHtitity  of  jrold  which  it  precipitates.  The  prwipilaU-d 
nnd  nrißliod  !;(>l<l  is  then-ufter  dissolved  in  aqaa  re^nn, 
and  tlif  impiin>  tilnnic  acid  is  left  Wliind  iu  an  uudifi- 
fuihrd  sUitc.  This  is  Ignited  and  veiled,  and  itH  weiftlit 
is  drdnclcd  from  that  of  the  weighed  portion  of  the  com- 
pound, «.1  an  iinr^fspntial  insrcdirnl.  To  tli«  otlicr  solu- 
tion, liquid  sulphurot  ted  hydro^it  is  nddeil,  nilh  aTiew 
to  detennine,  hy  the  method  described  ui  pa««  ÖÖ,  the 
qnrintjty  of  pemxide  of  inm  «hirh  i«  prwieni.  The  prr- 
ripllatfd  sulphur  in  wci;;hcd  u]M>n  a  weighed  filter,  und 
then  is  burnt,  npon  wliirh  tlic  Kmall  portion  of  impure 
litnnir  arid  renmins  behind,  and  ran  b*'  wcii[hed.  Its 
Wellet  18  dedncted,  both  from  the  weijfht  of  the  iiulpliur 
and  that  of  the  portion  nf  the  rmnp4iund  rmplo}Td  for 
Hnjily:<iM.  The  aoliilion  tittcn-d  rniiii  the  sulphur  is  mixed 
wilh  tjinaric  acid,  and  aupersaturaled  ^vith  ammonia;  the 
iron  it;  then  precipitated  *»  sulphnrct  of  iron,  by  bihydro- 
sulphuret  of  ammonia,  llic  sutphnret  of  iron  trt  afli-r- 
Vfards  cnnvcrte*!  into  penixidc  of  iron,  by  the  proces* 
deAcribed  ul  pa^  54 ;  and  from  tk«  wdght  of  the  pt-roxide 
of  iron,  the  qiiaDlily  of  metallic  iron  is  calculated.  Tlie 
qiiiintity  of  iron  fonnd  (huti,  munt  U)ni>r  with  tliat  uhich 
IK  founil,  liy  calculation,  to  e^ist  in  the  penixide  and  prot- 
oxide of  tliu  compound  .tnbmittttl  to  anatyKis.  The  titanic 
acid  existing  iu  the  liquid  filtered  from  the  äulphuret  of 
inm  can  aftemrards  be  estimated. 

Sfpartifioa  from  ZirwHui  .~Tbo  ffTcatcst  difficulticd  at- 
tend the  iwparation  of  titanic  acid  from  »ubstances  which 
ran  In'  precipitated  a*  Kiilphiirrtx,  neither  by  salphnrctted 
hydrogen  i^s  nor  by  hihydrosulphurct  of  amnioiiia,  and 
which,  on  the  coutrary,  »re  fully  pruipilatrd,  like  titanic 
(teid  itself,  by  »mmonin.  Titanic  acid  occurs  in  nuiur« 
rombiued  with  many  snch  HObHtanceu,  lor  example,  with 
xirrtmia;  yet  no  method  has  yet  been  disrovered  of  accu- 
iHteljr  separating  these  »ubslanrf-s ;  the  many  properties 
irfaidl  they  pomesM  in  r^mmmi,  rmd^nn»  ihnr  itcparatina 
extremely  dilficult.    Titanic  acid,  too,  when  in  cambina- 


"^^linjr,  wtijlc  zirconia,  iiiidcr  the  »»me  circuin» 
not  affected  by  builin^:.  Titanic  arid  is  also  pn 
froin  its  EM)Iutiun  by  prussiatc  uf  poiusti ;  zircon 
other  liftiiii,  is  nut  precipitated  by  thut  reag^nl 
both  tbem:  i;nh.stancej(  are  in  a  solution  KMg 
prussialc  of  potash  produces  no  precipitate,    fl 

Sfparaiitm  /mm  tAe  Oxidti  of  t'trium  and  Yttfi 
separation  uf  titanic  ucid  Irum  the  oxidrs  of  cc 
jrltria,  with  wbich  it  occurs  in  many  natire  co 
is  likewisu  ilitttcult  to  be  etiectpd.  The  only  n 
means  or  which  either  of  the  above  uvides  can 
rnted,  is  that  of  di.sxolvine  the  compound  in  «ulpli 
aiid  boiling'  the  solution  to  precipitate  the  tili 
The  oxide«  of  cerium  and  the  yttria  are  aftcrwa 
rated  from  the  iiltered  solaijon,  io  the  manner  i 
bern  di'M;ril>od  at  page  40.— Tlie  separation 
etrectrd  by  rarboniitc  of  ammonia,  beriiii»c  ti 
nut  f|uile  iiiMtihiblo  in  carbonate  of  ammonia, 

SepuratioH  Jrom  JIa(/nesia.~  Titanic  acid  cj 
rated  frtmi  nia);iiesiu  by  aniinuiiia.  Botbre  ofic 
precipitation,  it  is  necessary  to  add  such  a  qi 
mnriate  of  mnmcmiii  to  the  sohition,  as  is  sal 
render  llic  niH'^iie.siii  iuciipable  of  precipitntioi 
monia.  ^ 

SfjHiriUion  from  Lime. — From  lime,  with  wflj 
acid  jg  found  in  nature  iu  the  mineral  called  .^ii 
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Sfjuiration  from  liaryttj,  StroRtian,  and  the  Fixtd  Atea~ 
Ml. — Tititnir  acid  is  Äci>aratpd  Irom  barytp.i  BntI  slninliun 
by  sulphuric  arid  ;  funn  tht-  fixcil  alcalirx,  by  amniuuia. 

MrthotU  of  furmint/  Sululiuns  uf  fhe  Tiltinaleii. — Hlicn 
titanic  arid  ih  combined  with  fixed  bases,  the  compounda 
an;  soluble  in  niurintic  add,  even  nftcr  they  have  been 
i^iited.  Thi.-i  is  tlie  caM*,  for  e\aiii|ile,  ttith  the  uative 
roinpounds  of  litauic  acid,  with  protoxide  of  iron,  per- 
oxide of  iron,  uud  lime.  The  lactitiou.s  cüiupoundi;  of 
titanic  acid  witli  potash  aiid  »oda,  likewiHe  diss<ilvc  in 
muriatic  acid,  after  having  been  ifruiied ;  provided  tlicro 
be  no  deficiency  uf  alcali,  nor  excels  of  titanic  ncid. 
When  any  native  compounds  of  titanic  »cid  arc  lo  be 
di.sM)lv(iI  in  muriatic  acid,  they  must,  in  the  first  place. 
Ih-  liucly  levigated,  and  again  dried:  thr  proper qnantity 
must  then  be  weighed  out,  and  submitted  to  the  action  of 
slnin^  muriatic  acid,  in  a  ^las»  which  can  be  closed  air- 
tight with  a  ^\aas  Ktopple.  Tbfy  (hen  disKolve,  slowly 
indcixl.  but  completely.  In  Eenernl,  there  remainü  uudis- 
solvrd  a  ätiinll  ijuanlity  uf  impure  tiliinir  arid,  the  weii;ht 
of  which  is  dcterinined.  A  very  nioderiite  heat  hm  the 
effect  of  makiui;  the  solution  uf  tlu:  compound  of  lilanic 
acid,  in  thi>  muriatic  acid,  proceetl  more  rapidly;  but  if 
beat  be  applied  lor  that  piirpuHc,  it  must  be  applied  with 
the  utmost  degree  of  precaution,  because  if  the  heat  should 
ri»e  in  the  sU&hleät  dc^Tce  above  nhat  is  neceiisary  to 
elTet^l  tlic  solution  of  the  tilaiiiile,  it  uould  immediately 
throw  down  the  tilunic  arid  as  an  iiLsohibte  precipitate. 

Mtthoil  of  dhsolctng  Titamc  Acid. —  When  titanic  acid 
has  been  icailed,  it  is  just  »s  completely  iu.sululilc  in 
muriatic  ucid,  as  the  titanic  acid  which  occurs  in  nature, 
ronätilul'n|r  the  mincrul  called  rulilc.  If  the  titanic  avid 
should  not  Iw  quite  pure,  and  the  o|>erator  is  de^iirous  of 
accunttely  detrrminiu^  the  quujitity  uf  the  foreign  admix- 
ture», the  titanic  acid  must  bf.  levir^att-d,  and  then  mixed 
in  a  leu^  platiuum  crucible,  wiüi  from  three  to  four  (imt« 
its  »ciuht  of  carb<inatu  of  potash  or  cartionate  of  i^toda; 
and  the  mixture  must  be  e\|MtKed  (o  ignition.  The  heat 
niust  be  cautiously  and  irradimlly  applied,  since,  were  (be 
carbonic  acid  to  be  too  »uddeuly  jiln'ratcd  from  tbe  car- 
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boDSte  of  potash,  bj^  the  imuicdiatc  applimlioii  of  i 
powerful  brat,  a  InM  lirtnn  cflcrvescence  cotild  be  m» 
stoned.  In  the  fn.sion  of  Htanic  ncid  with  thr  autmHl 
of  atcalics,  the  same  pnxautionary  motutiiix-s  hr  tab 
empluyetl  as  in  the  fiiKiun  of  siltcie  acid,  or  the  mlkiiEi 
»it)i  llie  carbonate«  of  altralieN.  Ah  the  lattrr  opmüi 
will  be  circanistantjally  described  in  a  Hubsequeatstrti«. 
it  is  uiitifcrsAiiry  to  spcaL  of  it  at  lensTtU  here. — Ihtih 
tiulting  titaoatc  of  alcalPis  completely  »oliible  in  ranniec 
arid.  In  tlie  ttnlntion  tvbich  h  formed,  the  titanic  mA 
and  the  substances  which  were  cumhttied  with  it,  arr  tm 
to  be  estimated. 

XXXriI.    AXTIMOVY. 

Precipitation  by  Sulphuretted  Hiftirö^en  Gas. — AatiiM* 
can  be  fully  (irecipitaled  fmm  ilK  sululion»,  whether  illr 
presoDt  in  them  us  oxide  of  antimony,  or  an  antiimraM 
or  antimonic  acid,  only  by  acidulating  nnd  dilutiii);  ihv 
Kolatioiis,  ami  then  subjecting  them  to  the  aetiotiuriA 
pfaurettcd  hydrogen  gas.  The  result  afforded  try  lb 
process,  is  a  precipitate  of  orange-rod  coloured  fmFpIni 
of  antimony.  When  it  is  oxide  of  antim<tny  that  tsioilr 
solution,  tlie  preiripilate  prtnluced  has  a  more  bcifi>)il 
eoloar;  Vi-hereas,  the  presence  of  untinionioua  or  aDtiBOir 
acid  in  the  solution,  makes  the  colour  of  tbv  prcciplw 
tend  mure  to  yellow :  at  tbr  same  lime,  however,  it  m* 
be  olRierved.  that  tlte  diäertmre  in  the  colour  of  the  VR- 
cipilates  thrown  down  by  sulphuretted  hydr<ievn  ^tstn» 
solutions  of  antimony,  depends  also  upon  the  more  arte» 
diluted  state  of  the  sitlutions.  \s  the  most  ronrenu»' 
aeid  solutions  of  antimony  are  drcümpoKed  ii|ion  ban 
diluted  with  water,  and  then  let  full  a  volute  prrcip)t&Ee,i< 
in  proper,  before  diluting  thrm  with  watifr,  to  add  •  an>- 
able  quantity  of  pure  Inrtarir  acid.  When  this  addiiv* 
haa  been  made,  any  solution  of  antimony  whaievft  nf 
be  diluted  with  ha  mnch  water  as  the  operator  rhoosr»« 
employ,  without  hein^  rendcrml  in  the  Im^t  decree  nSk^ 
It  is  advisable,  to  nb.>serve  the  fcdlowing-  rule  as  nDCb« 
possible :  It  is  always  better  to  lead  sulphttrcttcd  hydfcpt 
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thronrh  n  cicnr  Üian  tlirout^b  a  milky  »olulion;  »inre, 
(hen  propter  care  is  not  taken,  it  often  bitppcntt  thnt  ft 
pfirtitm  of  the  precipitate,  especially  when  it  is  heavy, 

ipcs  thp  action  of  (he  Kulpliurftled  )iy<lr<>een  f9S. 
When  the  current  of  «iilphiirelti-d  livdn^i-n  jras  ha* 
pasNcd  Ko  Inn^  through  (he  aolutian  oi'  niitimany.  tbut  iJic 
latn-r  iM  f|uitn  <uittir»t(-<l  tlirrrwith  unil  xmcllä  »troDi^ly  (^ 
salphiirctted  hyrfrojren,  then  the  solution  is  exposed  to 
an  extremely  KeiiDe  heat,  tiiilil  the  smell  of  Hulphunitlecl 
hydrojcren  ^aa  is  no  longer  perceptible.  This  precaution 
is  absolutely  necessary,  bccaiiw  traces  of  salphuret  of 
antimony,  by'no  iiicuns  inmnAiilrrdblt;,  rrmaiD  ilbuuhrd 
in  n  solution  saturated  with  stilphurette^I  hydrofreo  fras; 
and  thiK  portion  of  solphiiret  of  »ntiniony  does  not  com- 
pletely prei'tpitate,  until  the  «olutioa  in  i-ntin-'Iy  deprived 
of  fn-e  .sulphuretted  hydroKen.  The  sulphuret  of  antimony 
is  tliereupon  liUere<l  upon  uii  necuralely  wei^rhed  lilter;  it 
is  washed  mth  pure  M'atcr,  and  dried  by  exposure  to  an 
extremely  ffontlo  lieat,  until  it  no  longer  letscs  «eight.  It 
bi  iben  weired. 

It  is  in  but  few  case»  ad-visable,  to  determine  the 
quantity  of  antimony  fmm  tbr  weicht  of  the  siilpburet  of 
antimony.  This  can  t»e  done  in  those  ra.fCM  only,  in  »"hieb 
the  operntor  knows  with  certainty  that  the  iwilution  of 
Hnlinioiiy  contained  merely  the  oride  of  antiatoiiy.  And 
this  can  be  the  case,  only  when  the  oxide  of  antimony,  or 
the  compounds  of  sulphur  nnd  nnliniony,  have  hcen  dis- 
mdved  in  concentrated  muriatic  acid.  Kveu  then,  hovr- 
<>yer,  the  sulpbarct  of  antimony  obtained  contains  u  small 
portion  of  free  sulphur,  the  precipitation  of  which  take« 
pl»re  in  ronsetpieni'c  of  the  decom position  of  the  excegg 
of  sulphuretted  hydrov-ea  pis,  after  the  precipitation  of 
the  antimony.  In  solutions  made  with  aqua  ref;iti,  the 
operator  has  »Iwnys  inixturc«  of  tWTeral  of  the  oxides  of 
antimony;  »nd  whenever  tartaric  acid  is  present,  tite 
milpbnrct  of  imltmony.  which  is  then  precipitated  from 
Rotations  of  untimoninns  acid,  is  not  e<)niviilent  to  that 
acid,  but  to  antimonic  acid.  If,  however,  the  operator 
determines  to  reckon  how  ninch  antimony  or  oxide  of 
antimony,  is  equivalent  to  the  weight  of  the  dried  sal- 


ITS  TITANIUM. 

tion  with  zircoma»  possesses  many  properties  which»  in 
other  circumstances,  are  wanting.  When,for  example,  both 
titanic  acid  and  zirconia  arc  in  a  sulphuric  acid  solution, 
and  the  solution  is  boiled,  then,  according  to  Bbrzblius 
(Poggendoepf'b  Amialen,  B.  vi.  p.  238),  a  muddiness  is 
occasioned,  and  a  portion  of  titanic  add  is  deposited ;  yet 
the  greater  part  of  the  latter  remains  dissolred  in  the  sta- 
tion. When,  however,  titanic  acid  alone  is  contained  in 
a  sulphuric  acid  solution,  it  is  completely  precipitated  by 
boiling,  while  zirconia,  under  the  same  circumstances,  is 
not  affected  by  boiling.  Titanic  acid  is  also  precipitated 
from  its  solution  by  pmssiate  of  potash ;  zirconia,  on  the 
other  hand,  is  not  precipitated  by  that  reagent.  But  if 
both  these  substances  are  in  a  solution  together,  thai 
pmssiate  of  potash  produces  no  precipitate. 

Separation  from  the  Oxides  of  Cerium  and  YttriioL — ^11» 
separation  of  titanic  acid  from  the  oxides  of  cerimn  and 
yttria,  with  which  it  occurs  in  many  native  compounds, 
is  likewise  difficult  to  be  effected.  The  only  method  by 
means  of  which  either  of  the  above  oxides  can  be  sepa- 
rated, is  that  of  dissolving  the  compound  in  sulphuric  acid, 
and  boiling  the  solution  to  precipitate  the  titanic  acid. 
The  oxides  of  cerium  and  the  yttria  are  afterwards  sepa- 
rated from  the  filtered  solution,  in  the  manner  which  has 
been  described  at  page  40. — The  separation  cannot  be 
effected  by  carbonate  of  ammonia,  because  titanic  acid  is 
iiot  quite  insoluble  in  carbonate  of  ammonia. 

Separation  from  Magnesia. — Titanic  acid  can  be  sepa- 
rated  from  magnesia  by  ammonia.  Before  effecting  the 
precipitation,  it  is  necessary  to  add  such  a  quantity  of 
muriate  of  ammonia  to  the  solution,  as  is  sufficient  to 
render  the  magnesia  incapable  of  precipitation  by  am- 
monia. 

Separation  from  Lime. — From  lime,  with  which  titanic 
acid  is  found  in  nature  in  the  mineral  called  sphene,  the 
titanic  acid  can  be  very  well  separated  by  ammonia.  The 
operator  must  take  care,  during  the  filtration,  to  protect 
the  precipitated  titanic  acid  as  much  as  possible  from  the 
action  of  atmospheric  air,  in  order  that  no  contaminatios 
with  carbonate  of  lime  may  take  place. 
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Separation  from  ßarylfv,  Sirontian,  and  lite  Fijeed  Alra- 
Ma. — Titanic  acid  is  separated  from  barytcs  and  strontian 
by  snlphiiric  acid ;  from  the  fi-xcd  alcalies,  by  iimniuiüa. 

Methmis  of  fonutH^  Snlut'wns  of  the  Tiiaaatai. — When 
titanic  acid  is  combined  with  B&cd  bases,  the  cotn]K>uud3 
are  soluble  in  iimriutic  acid,  pvcu  after  they  have  been 
ignited,  lliis  is  tlic  case,  Ibr  example,  with  the  native 
compoandA  of  titanic  acid,  with  pn>tu\idc  of  iron,  per- 
oxide  uf  iron,  and  lime.  Tlie  factitious  compounds  of 
titanic  acid  with  potaiih  and  »oda.  likewise  disNulvc  in 
muriatic  acid,  after  having  bocn  ifnutcd ;  provided  there 
\>e  no  deficiency  of  »Icnii,  nor  excess  of  titnnic  ncid. 
When  any  native  rumpoundü  of  titanic  acid  are  to  be 
diitsolved  lu  muriatic  acid,  they  must,  in  the  Itrst  phic«, 
be  (inely  leri^;atc<l,  and  again  dried :  the  proper  qnanlily 
muät  then  be  wcifrlu-d  out,  and  submitted  to  (he  action  of 
strunf:  muriatic  acid,  in  a  glass  which  can  be  closed  tur- 
tipht  with  a  glass  stopple.  They  then  dissolve,  slowly 
indeed,  but  completely.  In  ^-ncrul,  (licre  remains  andis- 
sulved  a  üinall  quantity  uf  impure  titanic  acid,  the  weight 
of  which  is  determined.  A  very  moderate  heat  has  the 
effect  of  making  the  äutution  of  the  compound  of  titanic 
acid,  in  the  muriatic  acid,  ]>riK'eed  more  rapidly;  hut  if 
bent  he  applied  for  that  purpuise,  it  must  he  applied  uith 
the  ufmust  decree  of  precaution,  because  if  the  heal  should 
ris«  in  the  Mlijrlitest  de^n-e  ahove  what  is  neccssiiry  to 
elfevl  iJic  solution  of  the  titannti',  it  would  immediately 
throw  down  the  titanic  acid  as  an  insoluble  precipitate. 

Methoil  of  tlistolcifig  T^itnnU-  Acid. — When  titanic  acid 
bas  been  it|:ni(cd,  it  is  just  us  completely  insoluble  iu 
muriatic  acid,  as  tlie  titanic  uvid  nhicb  occur»  in  nature, 
oonstituiin^  the  mineral  called  nitile.  If  the  titanic  acid 
should  nut  he  (|uite  pun',  and  the  o|ierator  Is  dcsinuis  of 
accurately  detenuining  the  quantity  of  the  rorei<,ni  admix- 
Cuies,  the  titanic  acid  must  be  levigated,  and  then  mixed 
in  a  larKC  platinum  crucible,  with  from  three  to  four  time-s 
it»  weii;ht  of  carbonate  of  potash  or  carlKinatc  of  sodn; 
and  the  mixture  must  be  exposed  to  ignition.  The  heat 
must  be  cautiously  and  ^adiially  applied,  since,  were  tlie 
carfoonic  acid  to  bo  too  suddcniv  liberated  from  tlie  car- 
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cobalt.  II  has  already  bei:n  dtutrriljcd  and  repnaatei» 
p«^  83.  Wbeu  iJie  Biilpharet  of  tneivur^r  obiaind  if 
precipilatioD  b»8  been  drii'd  aitd  u-üi^biTd  u|kmi  ■  «Bfld 
lilti:r,  tiir  grcattT  part  of  it  is  taken  I'rom  tliL*  &U«r,  ■< 
placfd  iu  an  accurat«))-  weighed  apparatus,  roiuutiagrfi 
gluHs  liulb,  havinK  a  «Iskss  tube  soldered  oa  eack  a* 
of  it.  Thu  Hul|>huret  i<4  in.scrl(-d,  with  can*,  in  the  M 
and  the  JDtertor  of  the  f^laKs  tub«  un  eucb  »ide  of  the  M 
is  clcanfied  with  the  pituue  of  n  leather.  The  apponni 
Don-  ujifuiii  »cit^licd.  llie  difference  of  tlie  two  mtil^mp 
flbon«  bow  luucb  of  the  sulphurct  is  employed  in ibe  aft 
rimpnt.  Dry  hydrogen  ^os  is  now  passed  thruu^ll  Ai 
apparatus;  and  when  the  latter  is  quite  tilled  with  tbrpi 
the  built,  wbirh  contains  tlir  sulphurri  nf  Rntimoof,  it 
)fradually  heated.  If  the  sulphuret  uf  antimony  is.<»o> 
stituted  as  to  b«  equivalent  to  the  oxide  of  «ntinuiBy.thi 
all  the  .lulpbur  i.«  converted  into  »ulphorcttcd  hydnff 
^as,  aud  axitiaiony  aluue  remains  buhirul ;  but,  il  it  in 
higher  Hulphuret  of  antimony,  or  if  it  ia  a  mixture  ofamai 
sulpliurels,  thenmetaiticajitimony  reiuaius.  (ndi''ed. fackii 
BA  in  the  preceding  fiaso;  sulphuretted  hydro^cco  ^ui 
also  disengaged,  while  free  sulphur  fomi.t  an  addilidBi 
product.  The  sublimate  of  sulphur  appeajH  fllHt»  Udtta 
the  fiimiation  ufsiilphu retted  li\dn>);eii  gtL»  pmceedi.  1h 
sulphur,  at  liritt,  deimnit«  it.stdf  on  the  upper  pan  <tf  ft 
bulb;  but  tbe  continued  brat  and  the  current  of  hyibafB 
fras  drive  it  thetice  towards  that  end  of  tbe  ^fläas  Vk 
which  iä  most  distant  from  the  flaut  in  which  the  hyilnpt 
gas  is  f;ei)crnted.  As  fast  as  the  sidphur  sul>hroe».iti 
cxpfllt'd  from  the  tiil)c  by  the  flame  of  a  small  üpirii  Ulf 
WWn  sulphur  twaäes  to  be  »ulilinipd,  and  siuphmnu 
hydroRcii  ifas  to  bo  diseuRased,  the  whole  is  allomdv 
cfHil;  the  curreut  uf  hydrogen  fpi»  lieing  continuaUybl' 
up  while  the  ajiparatus  in  etiuliit^.  M'hon  cold,  the  M^ 
rutus  is  taken  to  pieces,  and  the  bulb,  with  its  tubes,  «& 
tlu!  antinioity  within  il,  are  weighed.  The  loss  of  wtUt 
indicates  the  quantity  of  sulphur;  what  remains  behi«i> 
metallic  antimony. 

The  result  alTurded  by  ttiis  method  is  not  quita  loaic» 
rate  us  that  alTurded  by  the  first  metliod.      It  ia  ^hfyntp 
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Kfta  through  a  dciir  thun  tlima^li  a  milky  solution;  mnce, 
vben  proper  care  is  not  takeo,  it  oiXea  happens  that  a 
pnrti^Hi  nf  tlic  precipitate,  e.tpcrially  «hpu  il  is  h«avy, 
escupea  t)ie  action  of  tlu*  sulphunfttt^d  tiydro^n  gas. 

When  the  current  of  sulphuretted  hydroj^en  p»s  has 
imxsed  nn  long  throngh  the  fiolutinn  of  antimony,  that  llie 
latter  is  quite  saturated  therewith  and  smells  atmnirly  of 
imlphurettMl  hydrof:cn,  then  the  solation  is  exposed  to 
au  extrfuielv  K^nile  heal,  tmtil  the  smell  of  Kulphtiretted 
hydrogen  p;us  is  uo  longer  (lerceptihle.  This  prerautiim 
is  ahsolately  necessary,  because  traces  of  atilpburet  of 
aDtinwny,  by'no  means  incoiisidenihlr,  remain  dissolved 
in  a  solution  t>aturated  with  sulphur<.-tte<l  hydiogen  ms; 
■nd  this  portion  of  sulphiiret  of  iintimony  does  not  com- 
pletely  precipitate,  nntil  the  solution  is  entirely  deprived 
of  frecMiIphtiri'lted  hydrogen.  The  siilphnret  of  antimony 
in  thrrrupon  lillcn-fl  upon  an  uecnrately  weijHicd  filter;  it 

«ashed  with  pure  water,  and  dried  hy  e\|»i>sur(!  to  nn 
niely  i:cnt]e  heat,  until  it  no  longer  loses  weight.    It 

then  weiijlied. 

It  is  in  but   few  cases   advisabte.  to  determin«  the 
qoantily  of  antimony  from  the  u'cight  of  the  saljdiiiret  »f 

itimony.  This  can  be  done  in  those  cases  only,  in  which 
it»!  operator  knows  with  certainty  that  the  solution  of 
antimony  contained  merely  the  oxidf  of  antimony.  And 
this  can  Ih^  the  case,  only  when  the  ox.ide  of  anlininny,  or 
the  compounds  of  sulphur  and  antimony,  have  Iwen  dis- 
solved in  concentrated  mariatic  acid.  Even  then,  how- 
tyer,  the  sulphuret  of  antimony  obtained  contains  a  small 
portion  of  free  sulphur,  the  procipitniion  of  which  takes 
place  in  consequence  of  the  decomposition  of  the  excess 
of  snl)>hurettetl  hydnigen  gas,  after  the  precipitation  of 
the  antimony.  In  solutions  made  with  aqua  rejciu,  the 
«^lerator  has  aJways  mixtares  of  several  of  the  oaidcs  of 

itimony;  and  whenever  tartaric  acid  is  present,  the 
bHlphurct  of  antimony,  which  i!*  then  precipitaletl  tWmi 
solutions  of  antimonioDs  acid,  is  not  equivalent  to  that 
ncid,  hut  to  anlimonic  acid.  If,  however,  the  operator 
determines  to  n^rkon  how  much  antimony  or  oxide  of 
Hutimony,  is  oquivaJcat  to  the  wcighl  of  the  dried  bul- 
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phuret  of  nntimony,  ohtaini-d  by  prrripitalion  rmm'  > 
solution  of  oxide  of  antimony,  he  must,  »t  any  riitr,  never 
ni^lect  to  ttiflsolve  a  smiill  qnanlity  of  the  Ktilpliurel  ia 
concentmtcd  uiuriatic  acid.  K  it  disdolve  entirely,  under 
discngugi-mcnt  ofnulphurt-tted  hydrogen  gits,  he  niny  then 
be  lusnred  that  the  sulphurot  of  antimony  he  has  obtained, 
is  rquivalcnt  to  thr  »x.idc  of  antimony  ;  if,  however,  upon 
nuiLin^  thift  sohiLion,  itiilphiir  reniuins  undissolved,  the 
operator  is  then  reduced  to  the  necessity  of  examining 
how  much  antimony  i.i  rantain<rd  in  »  weigbed  quantity  of 
the  given  sulphurcl.  The  result  afforded  by  that  exami- 
nation, furni»heH  him  nith  the  means  of  cMinmliug  the 
whole  (|ua»tity  of  iintimnny.  Thi»  exaininutiou  mu^t 
always  be  entered  upuu,  when  the  uutimony  contained  in 
the  solution,  from  which  it  was  precipitated  by  sulphuretted 
hydrogeu  gOH,  was  in  a  hi^h  »täte  of  oxidation. 

Analifii»  of  the  SuipAurels  of  Antimony :  L  lit/  Oxidation 
with  Xifric  Jritt.—Tbe  examination  of  the  »iilphtirel  of 
antimony,  undertaken  to  determine  the  quantity  of  anti- 
mony it  may  contain,  ia  capabto  of  being  carried  on  in  two 
dilTerent  uayi^-  One  of  the  methodü  in  as  follovvs:  The 
dried  sulphuret  of  antimony  is  accurately  weighed  with  the 
filter.  The  ^oatcr  part  of  it,  that  is  t»  khv,  as  much  a» 
can  be separated  from  the  (liter  nithoul  ruhhinp  the  paper, 
ia  (hon  shaken  into  a  uiulraHä;  ami  the  fdtcr  witli  that 
portion  of  the  sulphurct  of  antimony  that  still  bangs  upon 
it,  i»  H^ain  weighed:  the  operator  thus  ascertains  with 
exactness  how  much  of  the  siilphuret  of  antimony  is  era- 
ph>ycd  in  the  (;X|M:rimenl.  Fumini;  nitric  arid  is  tmv 
dropped  into  iJie  nrntra^s.  This  i»  done  very  sradnallj» 
aud  M'itb  the  utmost  precaution.  The  too  sudden  or  to» 
rapid  addition  of  the  acid  would  occasion,  by  the  nolenco 
of  it«  action,  a  spirting  about,  which  is  carefully  to  \t(r 
l^inrded  aeainst.  A^erwards,  more  nitric  acid  is  added, 
and  a»  much  muriatin  acid  is  poured  in,  ns  is  sufHcient  tu 
rauäe  the  entire  solution  of  the  antimony.  If,  instead  of 
the  fuming  nitric  acid,  the  operator  were  to  employ  weakrr 
nitric  acid,  or  aqua  regia  (unless  the  latterwere  extremely 
ctmceutratncl),  tlien  it  would  he  jMMUiilue  for  a  .«light  trace 
of  sulphuretted  hydrogen  gas  to  be  disengaged  fruin  thf 
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Tery  finely-divided  stilpliurct  of  antimony,  an  «fleet  uhicli 
is  carefully  to  ht*  Rliiinncil.  Still,  it  is  |msäil)lv  to  oxidise 
thr  Mulphiiret  til' antimony  by  mcHiix  or«iid)  nitric  acid  as 
is  (oo  weak  to  I'unie;  but  it  'vt  llicu  iieces.sary  to  bent  the 
acid  nearly  to  boiling;  nfter  some  time,  muriatic  acid  is 
also  added,  for  the  purposi-  of  dissolving  the  oxidised 
autimony-  Tbt-  aipia  rej^ia  may  lie  allowed  tu  digt^tit 
with  thti  iditpfauret  of  aiitiuiuny,  eitlicr  till  nothing  reiiuuns 
untlisaolved,  except  a  smnlt  <]uantity  of  yellow  .sulphur, 
or  even  till  this  remainder  of  »ulpbur  is  dissolved.  In 
){cnenl,  when  concentrated  and  fuminc  nitric  acid  is 
employed,  the  whole  of  the  sulphur  \ä  fully  oxidised;  or 
if  any  .vulpbur  remaiiiN  undissolved,  the  ipinntity  of  it  is 
extn-mt'ly  Mmall.  The  .solution  i»  mixed  with  a  suflicient 
quantity  of  tartaric  acid,  and  diluted  with  water;  the  8ul- 
phur  which  may  remain  behind  i.s  thereu|)un  tillered  upon 
a  very  small  woiffhed  filter.  It  in  careftilly  dried  by  the 
application  of  an  exceedingly  trentle  degree  of  heat,  and 
is  then  weighed.  To  the  liltered  liquid,  a  Solution  of 
cbloride  of  Imriuin  is  added,  as  lon^  a.t  it  pnHlucct  a  pre- 
cipitate ;  the  whole  is  then  mmleralely  wanned,  that  the 
precipitated  sulphate  of  barytcs  may  properly  subside. 
It  is  then  tjltered,  washed,  ignited,  and  weighed,  llie 
quantity  of  sulphur  is  calculated  from  the  weight  of  the 
sulphate  of  l>arytc.s.  When,  iu  consequence  of  treating  the 
sulpburet  uf  untiniony  by  aqua  regin,  a  purttnn  of  undis- 
solved sulphur  LI  separated,  the  weight  of  this  purtiu»  ia 
added  to  that  which  calculation  proves  to  exiüt  in  the 
sulphate  of  haryte-i.  The  weight  nf  the  sul|iliur  is  then 
deducted  from  that  of  the  portion  of  sulphunrt  of  antimony 
employed  in  the  experiment;  the  remainder  slious  how 
mticli  antimony  wad  present. 

Anaiym  of  the  Svtphtirets  of  Antimony:  \\.  By  Redvetitm 
trith  Hydrogm  Gas. — -The  other  method  of  determining  the 
quantity  of  fintimony,  in  the  sulphnrct  of  antimony,  con- 
aists  in  heating  a  weighed  quantity  of  the  Hul[>fauret  in  an 
atmoAphere  of  hydrogen  gus.  Üee-om{H>sitiün  is  effected; 
iind  nietallir  antimony  is  obtained,  and  can  be  weighed. 
The  apparatus  i-mployed  for  Ihi.s  purpo.se,  is  the  same  as 
tliat  which  i^  made  use  oi'  in  the  reduction  of  oxide  uf 


178  ANTIMONY. 

cobalt.  It  has  already  been  described  and  Tepresented  at 
page  83.  When  the  sulphnret  of  mereury  obtained  t^ 
precipitation  has  been  dried  and  w^^ed  npon  a  weighed 
filter,  the  greater  part  of  it  is  taken  from  the  filter«  and 
placed  in  an  accurately  weighed  appaiatas,  consiflting  <tf  a 
glass  bulb,  having  a  glass  tube  soldered  on  each  side 
of  it  The  sulphuret  is  inserted,  with  care,  in.  the  bulb, 
and  the  interior  of  the  glass  tube  on  eadi  side  of  the  bulb 
is  cleansed  with  the  plume  of  a  feather.  The  appaiatos  is 
now  again  weighed.  The  difference  of  the  two  weiglungs 
shows  how  much  of  the  sulphnret  is  employed  in  the  expe- 
riment Dry  hydrogen  gas  is  now  passed  thxou^  the 
apparatus ;  and  when  the  latter  is  quite  tilled  with  the  gas, 
the  bulb,  which  contains  the  sulphuret  of  antimony,  is 
gradually  heated.  If  the  sulphuret  of  antimony  is  so  csm- 
stituted  as  to  be  equivalent  to  the  oxide  of  antimony,  thea 
all  the  sulphur  is  converted  into  sulphuretted  hydrogen 
gas,  and  antimony  alone  remains  behind ;  but,  if  it  is  a 
higher  sulphuret  of  antimony,  or  if  it  is  a  mixture  of  several 
sulphurets,  then  metallic  antimony  remains,  indeed,  behind, 
as  in  the  preceding  case;  sulphuretted  hydn^en  gas  is 
also  disengaged,  while  free  sulphur  forms  an  additi(»al 
product  The  sublimate  of  sulphur  appears  first,  and  tbei 
the  formation  of  sulphuretted  hydrogen  gas  proceeds.  Tbt 
sulphur,  at  first,  deposits  itself  on  the  upper  part  a(  the 
bulb ;  but  the  continued  beat  and  the  current  of  hydroges 
gas  drive  it  thence  towards  that  end  of  the  glass  tube 
which  is  most  distant  from  the  flask,  in  which  the  hydmgn 
'  gas  is  generated.  As  fast  as  the  sulphur  sublimes,  it  is 
expelled  from  the  tube  by  the  flame  of  a  small  spirit  lamp- 
When  sulphur  ceases  to  be  sublimed,  and  sulphuretted 
hydrogen  gas  to  be  disengaged,  the  whole  is  allowed  to 
cool ;  the  current  of  hydrogen  gas  being  ctmtinuaUy  kept 
up  while  the  apparatus  is  cooling.  When  cold,  the  appa- 
ratus is  taken  to  pieces,  and  the  bulb,  with  its  tubes,  and 
the  antimoily  within  it,  are  weighed.  The  loss  of  weiK^ 
indicates  the  quantity  of  sulphur;  what  remains  behiiid,is 
metallic  antimony. 

The  result  afibrded  by  this  method  is  not  quite,  so  accu- 
rate as  that  afforded  by  the  first  method.    It  is  altogether 
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impossible  to  prevent  tlic  subtimation  of  ti  siubII  pniiion 
of  antimony.      This  is  deposited,    panly   an    the  tip]M-r 
»iirfact*  ol'  thi:  iittlb,  nod  partly  in  tliv  (ulic.    Ttie  lutler  i^ 
more  particularly  the  cast:,  when  a  very  strung  heat  is 
applied  during  the  operation.    A  portion  of  the  untimony, 
whieh,  however,   is   extraordinarily   »mall,    is  morcovor 
actually  rnrried  out  of  the  tube  by  the  bydro^n  ^as.     It 
ift  in  conseqaenro  of  this,  that,  towards  the  end  of  tbe 
(ip«irntiiiri,  thcdist-ncii^cd  zas  burns  ttith  a  llumc, whirh  in 
accoiupaiiied  by  a  itcarcely-ob:ier\'ablc  .smoke  ufiiiilimony, 
and  Ihut  the  openinjr  of  the  tube,  where  tbe  ga»  bums, 
exhibits  an  ext'eediQijIy  Kli|<bt  depoüite  of  oxide  uf  anti- 
ninoy.      Hence  it  i^,  too,  tliat  tbe  operator  obtains  in  itiotit 
analyse»,  somewhat  Ivhs  Huliinony  and  more  sulphur  than 
be  pru|Krly  should  obtain ;  for,  n»  the  quantity  of  Kitlphur 
is  c&tiiQutcd  from  the  loss  of  weight,  it  follows,  of  course, 
that  every  additional  lowi  comes  to  be  rei^knned  as  »iilphiir. 
But  (hts  quantity  of  antimony  Mhich  ran  lie  lost  in  this 
munui-r,  amuuuu,  ul  (he  higibt-Mi,  to  but  n  half  jkt  cent., 
pn>Tided  the  operation  be  performed  with  proper  care.— 
TIk-  nwtrc  >nrHdually  the  Hulphurct  of  antimony  is  heated, 
th«  less  auiiniony  is  Totatilized.    At  the  end  of  the  opera- 
tion, however,  a  strou}*  beat  must  be  piven  fur  a  short 
time.    Tbe  reduced  aiitiniuny  dues  not  ruu  together  into  a 
slnsle  lump,  but  forms  a  number  of  small  metallic  grains. 
When  the  siilphuret  of  antimony  has  been  gently  heated 
for  a  very  long  lime,  while  exposed  to  the  current  of  hy- 
dwgwi  fros,  the  reduced  antimony  exhibits  crystal  facets, 
th»    Klaiire   of  which   niiikes    the   uniimouy   appear  of  a 
blacker  colour  than  thai  rL-duced  by  a  Ntrnn^er  heat. 

Amafysit  of  tkt  Sulphuretx  of  Anlimo»y:  III.  Btf  Heat. 
— All  the  higher  sutphurrta  of  antimony  can  he  ctHiverled 
i»t4>  the  louoät  äulphuret,  by  boin^  heated  out  of  cod- 
tAct  with  atmospheric  air.  llie  quantity  of  antimony 
Laui  then  be  rei:knnp<l  from  the  weight  uf  the  n^sultin^ 
^Valphuret.  Tliis  methml,  however,  doe.s  not  ^ve  an  accu- 
rate result;  partly,  because  the  lowest  sulphuret  of  anti- 
mony  is  not  quite  incapable  of  volatilization ;  partly, 
because  the  atmospheric  air  in  tJu5  little  retort  or  matrass 
in  which  the  experiment  must  be  performed,  produces  a 
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flmult  qimntitj  of  oxide  of  antimony.  This  oxidr  of  HnH- 
moiiy  comliiiifs  with  the  Hnblinicd  sitlphiir  in  tliu  ucvk  of 
tlie  retort,  and  t'omis  n  compound  of  solpbarct  and  oxid« 
of  uiitiiiiniiy. 

Separation  from  other  MetaU  by  Citric  Add. — Villi 
rcsprct  to  the  scparatioa  of  antimony  from  other  metals, 
a  uiethmi  ofli'^n  rmploycrd,  is,  thnt  of  Ircalin^'  the  rc^ulinc 
compounds  of  antimony  by  nitric  acid,  which  uxidises  the 
untimony,  and  render»  it  inüolulile.  Tlie  result  affanled 
by  tbix  method  is  hy  no  mnan«  so  accurate  with  antimony, 
BS  the  result  aflorded  when  tin  is  thus  separated  by  nitric 
arid.  Thv  oxide  of  antimony  is  not  so  insoluble  in  nitric 
acid  AS  the  oxide  of  tin ;  when,  therefore,  the  solution  is 
fillertHl  from  the  oxide  of  antimony,  it  is  found  tu  contain 
not  only  tht'  other  metallic  oxides  in  Milution,  but  traces 
«Iso,  by  no  means  inconsiderable,  of  oxide  of  antimony. 

Separation  from  the  Alcalies  and  Earths. — TLe  best 
method  of  separating  antimony  from  other  substances,  is 
to  convert  it,  by  sulphuretted  hydrogen  gas,  into  sulpburet 
of  antimony.  If  it  is  combined  with  sucb  oxides  us  cannot 
be  precipitated  from  acid  solutions  hy  sulphuretted  hydro- 
gen gas.  the  ^as  is  then  parsed  at  once  thruugh  the  acid 
solution,  and  the  antimony  is  thereby  precipitated.  When 
Butimoily  is  separated  in  this  mtinncr  from  tbo  earths  and 
BlcaÜC:8,  it  is  advisable  to  avoid  the  addition  of  tartaric 
acid  to  the  solution ;  for,  when  tartaric  acid  is  added  to 
solutions  of  earths  and  metallic  oxides,  it  has  generally 
the  eftV-cl,  if  present  in  b  certain  proportion,  of  hindeiini; 
fthe  precipitation  of  these  substances  by  alcalies.  In  a 
solution  filtered  from  the  sulphurct  of  untimony,  and  con- 
taining tartaric  acid,  barytcs  alone  can,  in  consequence  nf 
its  perfect  precipitation  by  sulphuric  acid,  be  properly 
estimated.  Alumina  and  niii^nesia,  on  the  contrary,  are 
totally  inca]>ahlcnfbein^  precipitated  by  alcalies.  WbcD, 
tlierd'un*,  the  oxides  of  antimony  are  to  be  separated  from 
the  earths  and  alcalies,  the  best  way  to  proceed,  is,  eitha 
to  add  us  much  diluted  muriatic  acid  us  is  safficient  to 
render  the  solution  clear,  or  to  |>rrmit  the  stilphnrelted 
hydrogen  gas  to  pass  directly  through  the  diluted  ucid  and 
milky  solution.    If  the  solution  has  been  made  clear  by 
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muriatic  acid,  Ihe  operator  can  add,  when  the  frfeaier  part 
of  the  antimony  has  been  precipitated  as  siilphiirel,  a 
sufficient  i|iian(ity  ol"  water,  to  i)rrvi-iil  (he  »rtion  of  ihc 
muriatic  acid  on  the  precipitate.  Tlie  »dditiou  of  llio 
sulphuretted  hydrogen  gas  w  then  to  be  continncd  till  the 
precipiiiitinn  is  finished. 

Sejtariilioa  from  the  Oxides  of  Nickel^  CÄtball^  Zine,  Iron, 
and  >l/nnyaimr. — WheD,  on  the  conlrai^,  thu  oxide»  (if 
antimony  are  to  be  separated  from  tlie  oxides  of  nicke], 
cobalt,  zinc,  iron,  and  manfj^ancü«.',  then  tartaric  acid  muy 
he  added  to  the  acid  Solution  l>eforc  the  «ulphuret  of  luiti- 
mnny  is  thron-n  down  by  sulphuretted  hydrogen  ^as.  From 
the  solution  liltcred  from  tla-  .siilpliiin-t  uf  antimony,  the 
oxide«  in  solution  cannot  1)»  precipitated  by  Llieir  umiuI 
precipttants,  in  consequence  of  the  presence  of  the  tartaric 
arid.  The  .tolution  is,  tiierefore,  !tu]HTs»turatL>d  with  ant- 
munia,  und  Ibe  oxides  are  pi-ecipiinlcd  »ü  sulphurelä,  by 
the  addition  of  bihydrosulphiirel  of  ammonia.  This  preci- 
pitate ifl  dis.4olvcit,  and  theipianlity  of  tbo  oxiclrn  existing 
in  the  rc^siiltiiiK  solution  is  dclcnnincd  by  the  procet^cs 
which  bavc  been  described  in  preceding  sectioud.— Of  tho 
substances  above  mentioned,  the  must  dilficult  of  estima- 
tion is  thp  oxide  of  nickel,  which  cannot  l>e  efTectunlly 
precipitated  by  bifaydn>.sulphun-t  of  ammonia.  When, 
therefore,  oxide  of  nicki-l  is  present,  the  ojiemtor  must 
either  observe  the  measures  of  precuiitioii  detailed  at 
pafre!>l,  respecting  the  precipitation  of  oxide  of  nickel  as 
sulphuret,  or,  instead  of  that,  lie  niu<;t  effect  the  iie]Hu-ation 
of  antimony  from  nickel  in  solution,  as  he  urould  that  of 
nntiuinny  from  earth»  und  alculir-s;  namely,  witliuut  the 
addilitHi  of  tartaric  acid. 

Srj/aralion  from  MnnganHit,  Iron,  Ztne,  Coitalt,  C^ilmtiim, 
Lead,  liismiith,  Copfier,  SHrer,  and  Merrnrtft  hfj  Bihydro- 
gulphuret  of  Antmonia. — The  oxides  which  are  precipitable 
from  acid  solutions  by  sulphuretted  hydrogen  sas,  can  be 
seporated  from  antimony  by  trcntmcnt  with  bibydrosul- 
phuret  of  ammoniat  in  which  all  the»vlphure1riof  nntiinony 
are  soluble.  In  the  same  manner,  can  also  (be  metallic 
oxides  nhirh  are  only  pritipitable  as  sniphurcts  from 
nffutml  or  alcaline  Milutioiis  by  btbydnwulphitrrt  of  um- 
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monin,  bc  separated  from  tbc  oxides  of  antinioi)'. 
method  of  optTuting  is  as  follows :  The  oxidised,  or 
loctallir  cuiDpuund,  is  disaoWed   Ln   a    smüJI  niutrw, 
coticcutraled  muriatic  acid,  or,  if  it  ia  insolablf  is 
acid,  in  uqiia  rpgta.     Ttic  conceiilmtfd   soliuion  is 
salunited  with  unimuQta.  which  roinmonly  prodiicrji  i 
large  prccipitatr,  inasmuch  its  nnirly  fv«;rj-  thiny  a 
cipitutcd.     'rhis  u[H'ratiitn  is  (irilonntMl    in  tht 
After  tbc  precipiration  by  ammoni»,  a  sulticiciii  q 
«f  biliydn>sulphtirpt  of  ammonia  io  added,  and  the  ma: 
Ik  corkfd.     tn  f^i-iienil,  this  pniduct- s,  in  ihu  cold, 
blackish  broun  precipitate;  for.  at  first,  a  very  lai^f 
portion  of  the  salphiiret  of  antimony  produced,  predilili 
Willi   the  other  insoluble  sulphurcts ;    but,  upon 
digested   at   a  giMilic   heat,  the   precipitate  decretBi 
volume,  and  becomes  blacker  in  rtdnur.      The  moir  I 
sulphur  thr  bihydniKulphiinri   of  iimiuonia  coalain» 
better  i»  tlie  »^punitiuti  rlTLHiti-d ;  becaase  Üie  solphni 
antimony  is  then  much  more  easily  dissolved.    It  i«,  tta 
fore,  a  |;ood  plan,  to  disKolve  pulverised  .sulphur  in 
bihydrosulphurct   of  auinionia,   before    ttddiiit;    it  to 
solution.     When  neither  tnanjcancsc,  ziuc,  nor  cadnuo 
present,  and  the  precipitate  hiui  heconir  quite  btari. 
whole  can  be  permitted  to  cool,  ID  ordur  (hut  it  niii 
filtered:  it  is  previously  necessary,  however,  to  add 
to  the  mixture.  The  tiltnition  and  edutt-urutton  muM 
one  another  without  interruption;  and  iJie  latter  miui 
rffetrtcd,  not  with  pure  water,  hut  with  a  mixtun-  of» 
and  hihydrot4i]lphun':t  of  ammoniu.    The  lilier«^  ä 
contains  ali  the  antimony,  in  the  state  of  siUphuTel  of 
muny.     Thi.s  is  precipitated  by  muriatic  arid,  »ithuli 
the  Molutlou  ia  cautiously  acidulated.     The  preripiai 
Kulphiiret.  of  antimuny  contuimt  an  admixttire  of  sttl{^ 
the  |iniscncc  of  which  i»  due  tu  the  decomposttinn  of  ll 
excess  of  biliydrosulphuret  of  ammonia.     Ilic  aolvtiat 
allowed  to  remain  over  the  precipitate,  in  a  Situation 
it  is  exposed  tn  an  extn-meiy  f,a'n1't*  heat,  until  it  no 
smells  of  sulphuretted  hydrogen.     The  itidphuret  of 
njony  is  then  6Itcred  upon  a  weired  titter,  and 
When  dry,  it  is  weii^cd,  and  afterwards  analysed 
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manner:  In  this  rase,  tMir  part  of  tlir  fim-ly-fi-visatcd  rom- 
puiind  is  fu^ed  with  two  purt»  of  water  fret^  chloride  uf 
calcium,  in  a  platinum  cnicibl«.  The  melted  iua«s  is  then 
btiikti  uilh  uittor,  iijxin  wliirh  ittiif^sliiU'  of  limo  reniuinx 
uiM)i,>iS(ilvr-d.  Thi!«  is  lilterrd  and  wei<;)ied.  The  metal  is 
then  pntciiiitaicd  tntm  the  altered  sohiiion. 
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QuaHttf^illrr  Kttlmation  at  Moiyhdic  Aeid. — Molyhilfnum 
euniiot  be  rom|>li>leIy  .separated  frntn  its  sohttionK  hy  any 
reaiieat  whatever.  It  can  be  beitl  esiimaled  hy  the  method 
employed  to  estimaie  [un;;s(en.  The  concentrated  solu- 
tion of  molyhdenum  is  treiiteil  with  an  excess  of  liihydro- 
siilphiiret  of  amnionJa,  in  which  the  resulting  snlphiirel  of 
molylidenittn  diHüolves.  Muriatic  arid  is  nddiK]  lu  Üiiü 
Mtlutton,  ami  the  whole  in  pennitted  to  repose  until  the 
smell  of  sulphuretted  hydro^i^n  is  no  looser  observable. 
The  molybdenum  is  thu»  precipitated  as  sulphuret  of 
molyhdenum.  If  the  operator  intends  to  roa^t  this  preei- 
pitute  in  the  KaBie  way  as  the  sulpharet  of  tungsten,  in 
urder  t«  convert  it  into  niolylklic  arid,  he  must  ^o  to  work 
Tcry  cautiously;  for  molyUilic  arid,  wltrn  heated  to  red- 
BeM  in  contact  with  air,  is  apt  to  nublime.  It  i.t  better, 
therefore,  to  i^^iite  the  sutphurct  of  molybdenum  in  u  little 
weifrfied  rotort,  whercuiKin  sulphur  is  volatilized,  and  the 
e<mi|>omid  i 5  converted  into  the  hm<rst  sulpburei,  or  j;rey 
fiulphuret  of  molyhdenum.  It  is  less  to  the  purpose  to  dry 
tho  preeipitutcd  ^itlpburet  of  molyhdenum  on  a  Mcijehed 
filter,  which  can  only  he  done  in  a  vacuum  over  jiiilphiirie 
neid,  aj*  it  would  become  oxidised  if  ilried  in  the  tiyt^n  «ir, 
and  then  to  dige.<(t  a  wei^ihed  portion  of  the  dried  .Kulphuret 
in  »(pia  regia.  Tlie  nmlybdeuuni  is  thert-hy  converted  into 
tniilylidic  acid,  which  di.-i.MjIves  in  the  aqua  regia.  The 
fiulpbur  p;trtly  precipitate«,  and  iü  partly  converted  into 
sulphnrir-  acid.  The  separated  sulphur  i»  filtered  upon  a 
weighed  filter,  then  dried  and  weij;hpd.  Prom  tin;  lillered 
solution,  the  sulphuric  acid  is  then  pn-cipitnted  by  a  solu- 
tion of  chloride  of  barium;  and  the  ipiautity  of  f^ulphur  is 
rajculated  from  the  weight  of  the  rcsiUting  äulphute  of 
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is  then  dilated  witb  watrr,  and  the  aatimony  it 
is  ])rcci|>i tilted  in  the  stale  of  sulplinrct  by  sal] 
bydroeeu  ira^.  Tbe  quantit?  at  the  otlier  metal 
aäccrtaini'd  l>y  wcighins:  Ihc  chlorides  whictk  remi 
f^\ass  hull».  The  woiphiiie,  hnwevnr,  is  useless, ' 
alloy  submitted  to  cxHininaium  t-ünlainril  coppt 
other  mrtiil,  »f  which  (lie  c|uai)tity  cannot  l>e  c 
from  tho  wtiKhl  of  the  resulting  chloride.  The  w( 
performed  either  hy  taking  the  wt'isjht  of  tho 
cuiiteiits,  alter  a  portion  of  tbe  bent  glajis  ii 
cot  off,  then  dissolving  the  chlorides  in  uater^ 
ireiKfain*;  ibi-  empty  Ijulb,  or.  on  the  conirary,  by 
tbe  hiilh  and  it»  euntvnt»  witb  Ihu  portion  of 
tobe  ivbich  -was  eut  olf,  after  tbe  latter  has  bee 
and  dried ;  tbe  weight  found  in  the  latter  raa« 
ately  indirates  the  weight  of  the  cblorklea,  ^ 
Kcparate  weiidit  of  the  glaits  ap|Mirdtus  wns  dni 
the  beginning  of  the  experiment.  'FlitM  last  I 
proceeding  i>i  particularly  proper  to  be  atloptt!«], 
cblorideü  in  tbe  bulb  are  sueii  an  are  insolubli 
and  in  acids,  such,  for  example,  as  chloride 
llie  auiilvKis  of  the  chlorides  is  ptTlbmivu  (ic< 
the  rules  which  un^  ^ivrn  in  the  |>recc<linff  i 
chloride  of  silver  is  contained  in  the  irlaiis  bulb  * 
chlorides,  it  is  treated  uiih  water  and   a  littli 
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CKB  lie  srparatcil,  in  tliln  nmtiucr,  from  culinll,  nirkt-l,  [fud, 
ooi>]M>r.  silver,  platinum,  aod  ^old.  When  lead  is  present. 
however,  llic  bulb  dare  not  lie  too  stroncly  heated, 

This  tnctliiM)  is,  nevertheless,  not  so  much  to  I)e  recom- 
mended as  lliat  acr(»rdiiifr  to  which  antinxMiy  is  preripitatrd 
from  solutions  by  sulphuretted  hydros^m  <r<ts.  (ir  in  nhieb 
it  is  dissolved  l>y  an  oxrcHs  of  liiliydrosulphiiret  of  aiii- 
monia.  Btit  this  method,  us  will  be  tihown  farther  on,  is 
of  file  frn*atrst  :idv»nt»ee,  and  preieralde  to  all  others» 
nhi-n  .sulpliiirrt  of  antimony  is  to  Ik*  separated  from  other 
metallic  sulplmrels.  The  metallic  alloys  are,  however, 
more  difficultly  decomposable  Ihun  mctaltie  8u)phun-l8  by 
ptiMsmn  chlorine.  It  very  often  occurs,  in  (he  analysis  of 
alloys  by  chlorine  gas,  that  the  flxed  chloride,  when  fusibk*, 
forms  a  conlinc  over  small  partirles  of  the  iindecom]K)ä«d 
nmipoiind,  ami  pnitecbt  tlicm  fnim  tlir  action  nf  the  jnis. 
ThiH  is  purticulurly  the  case  «bea  the  alloy  cannot  ho 
pulverised. 

S&jMiratiott  from  Sileer  by  Cspellatio». — Some  analysts 
have  alteinpteit  to  separate  »ntiniony  fnim  nmny  mela].s; 
namely,  from  silver,  by  healinti;  the  alloy  on  n  cupel  in  the 
mulBc  of  an  assay  furnace.  The  antimony  then  becomes 
oxidised  to  o.^ide  of  antimony,  which  flies  away  in  smoLo, 
while  tile  silver  remain.s  liehind,  and  ran  be  weij^ed.  Vet, 
when  an  allny  which  rnnlain.s  merely  niver  and  antimony 
is  i^ited  in  this  manner  on  a  rnpel  nf  boiie-H.shcK,  until 
no  more  antimony  smoke  is  obstr^abli*,  tlir  regiilns  of 
silver  produced,  accordioir  to  Von  Bossdorp(Sciiwri6- 
«ur's  Jiüirbnrh,  B.  icxxiv.  p.  28.')),  i.4  •n'ey  and  dull  at  the 
Kurliire,  and  contains  still  about  one  per  cent,  uf  antimony; 
on  Hhirh  account,  it  doe.t  not  completely  disHoKe  in  nitric 
mid.  Bill,  mIicu  the  resultin«  reeuliis  is  Ufraiu  cupelled 
with  about  five  timcä  its  MCiiflit  of  pure  k-ad,  tht-  ojH^rution 
twing  continued  till  the  Hilver  acquires  its  chamcteristic 
brilliancy,  the  n-.-iultlng  r^ulus  of  silver  is  quit«  I'rec^  from 
antimony. 

Sffnimtion  fro»  T^ir.  — Tlie  ractaLs  which  have  been 
treated  of  in  ibc  preccdinif  sections  can  be  separated  from 
Bnliniony  by  a  variety  of  processe-t ;  partly,  by  preei|M- 
latill^  the  iiul|ihurol  of  antimony  by  i»asKin^' sulphuretted 
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hydrogen  f^s  Uirimgh  an  acM  •«ilution ;  partly,  by  t^- 
Kolviug  the  sulphurci  of  antimony  in  an  excess  of  bUi|i^ 
sulphuret  of  anunonia;  partly,  by  treating  the  compwuA 
with  clilurinc  ^a»,  and  volaliliziii^  the  <;liluridr  of  autinvf. 
But  it  iä  impossible,  by  any  of  these  mctbods,  to  sefwlr 
tin  from  antimutiy,  or  oxide  of  tin  from  oxide  ufaalia«; 
nur  i.>i  there  any  other  method  yet  ktii»wn  of  scpauiäc 
these  two  nietals  uith  certainty.  If  botli  are  in  a  r^ifar 
älatc,  thui),  ucx'-ording  t«  ChaL>»BT  {Annnla  tk  l^m. 
T.  III.  p.  il76),  the  separation  can  Imj  cfiected  as  fu]}ii«i. 
The  operator  must  tirät  astsure  himself  that  no  otheractib 
than  tin  and  antimony  are  contained  in  the  alloy.  A 
must  Oien  di-temiine  in  about  nhat  pntjMirtion  tiiese  m 
metals  are  combined  lonelher  The  easie-st  way  tod«  il» 
is,  to  nirlt  to^-tbcr  quirkly,  one  part  »f  the  alloy  <nA 
twenty  parts  of  tin.  to  roll  out  the  melted  alloy,  and  to  W 
it  for  some  lime  nitl)  coDreiitriiled  muriatic  acid:  «M 
remains  undissolved,  shows  appmximatively,  the  tf» 
tity  of  antimony  conttuned  in  ilie  uUoy.  The  openw 
then,  with  the  {rn^atc-.st  prrrauliuu,  mvlt.s  the  aUo)  (* 
exiuuinution  with  so  much  pure  tin,  that  the  pmportiaBf<t 
tin  and  auliniony  eontained  in  the  new  alloy»  shall  Iv* 
20  I»  1.  The  fusion  is  eondurted  as  lolluws  :  Tbo  wa(H 
metals  arc  wrapped  up  in  paper,  placed  in  a  little  mdtir 
crucible,  and  covered  n-ith  a  sti-atum  of  cbarroul  fmia 
to  prevent  oxidation;  the  metals  am  then  bcjited  n*^ 
for  ten  miniiles.  The  rrucible  is  then  nlloneil  to  cuaifit 
metallic  bead  is  brushed  and  ltattciie<l,  und  the  plaK^i»' 
dueed  is  cut  into  serenil  pieces.  Thcso  piece«  attd 
wrapped  up  in  pa(jer,  platxd  in  the  rnicilde,  covemj  «^ 
charcoal  powder,  and  u^ajn  heated  as  long  as  hefoi«.  1W 
second  fusion  is  nc^'cssaiy,  to  fdve  unifomiity  to  tbc  ■!!* 
The  bead  o(  nictul  must  l>e  again  brushed  vcrr  dM 
rolteil  out  into  a  very  thin  plate,  and  cut  with  »«'iwars iw* 
scvcrul  pieces.  The  opcnttor  then  wci^hK  out  sueti  «itf- 
tiou  of  this  alloy  as  he  wishes  to  submit  to  exaiuitaö» 
This  iri  to  Im.>  boiled  iu  a  inuti-uits,  with  an  excess  of  ititM 
muriatic  acid,  fur  at  least  two  bouiH  and  a  bair.  Vit 
solution  is  diluted  with  water,  aad  filtered;  Iho  in^ 
diviikxl  antimony  is  thu«  pitheriil  upon  a  weiglMd  fas'- 
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Sepiirathm  from  AlralirnaKd  Alealine  Earth*. — The  itepn- 
talioo  of  okitle  of  rhrumhim  and  of  chromic  acid  from  other 
l»il>»lHiu-«>s,  is  oOrn  H<Tompniiii'()  1>y  ilifficullies;  beriiuse 
ttiv  ( liruiniuin  ciuiiiot  t>e  ]>rei'i|)i  tilted  an  sulphuret  of 
diromium.  either  fntm  ucid  solationn  by  itulpliurcltcd 
hydriigcii  irus,  tir  fntm  neutral  .solutioun  by  Mhydrosul- 
pburt't  of  ammonia. — Wht-n  ihe  ruinpoiimls  l«>  be  ex- 
uninrd  aru  üoliilile  in  acids,  the  oxido  tif  chmniium  can 
be  sfpartted  iVom  the  alcalleti  and  alealine  earth«  by 
ammonia,  precisely  in  the  same  manner  a.s  |iero^iile  of 
ittm,  will)  ^vbich  o\idc  of  chnimiiini  huK  many  pro|>ertic» 
In  common,  can  be  separated  from  ibe  some  bases  by  the 
me  FeHKent.  If  it  be  rhrnniir  »riil  which  i»  nimbined 
itli  these  basex,  it  muHt  brtl  be  cfmverled  by  murialic 
id  or  sulphuretted  hydrogen  gas,  into  uxide  of  chro- 
inm. 

Heparation  from  Mnipteria. — \o  accurate  method  of  scpa- 
jlLtinjr  oxide  of  chromium  from  maeneuia  is  yet  known. 
The  nperalor  nii^ht  add  to  the  nulutiuo  of  Ibe  two  Hnb- 
:eiE,  a  lari^  quantity  of  nmriiitc  ol'ainmoDiu,  and  then 
ipitale  the  oxide  nf  rhromium  by  ammonia,  vrbtcU 
ivould  leave  the  ma^etiia  still  in  aolution. 

SffMratio»  from  Alumina. — Oxide  of  chromium  \»  sepa- 
rated from  alumina  by  canstic  potu.<ih,  whirh  dissolves  the 
alumina  and  leaves  the  oxide  of  rhrotuimn  antoached. 
Sot  it  is  indLipeiisably  necessary  lo  boil  the  mixture  of 
the  two  Bub.sliinir-s  witli  cautilic  [Hitash,  diirint;  a  conüiiler- 
able  time;  because  on  excess  of  caustic  potash  dissolves 
oxidp  of  chromium  in  the  rtdd,  and  it  i«  only  after  a  UmR 
boiling  that  the  nxide  of  chmmium  is  a^in  precipitated. 
I^e  alumina  \&  obtained  from  the  solution,  filtered  from 
the  oxide  t>f  chromium,  by  first  supersaturating  the  ftolii- 
lion  with  muriatic  acid,  and  thcti  precipitating-  it  %vitJi 
ammoniu  or  carbonate  of  ammonia.  When  chromic  acid 
ijt  lobe  M-paratcd  from  idumina,  it  must  lir?>t  be  converted 
Into  o\ide  of  chromium.  Oxide  of  chruuiium  ol'tcn  occur» 
in  combination  with  alumina,  in  the  chrouie-iron  ore. 

SrfMtrtilioH  from  the  0-riiie»  of  JUanyittiesi;  Zinc,  Cobnit, 
iVic/ür/,  au/i  fron. — ^Tho  separation  of  oxide  of  chromium 
and  of  chromic  acid,  from  the  oxides  of  manganese,  zinc. 


by  a  process  similar  to  that  employed  MM 
oxifles  of  iron  rmtn  xirronia  ami  titanic  artoT 
ccsn  has  b(M-D  iliiKcrilMKt  at  pa>;t>.>i  US  and 
operator  adds  to  the  solution,  so  Ifirge  a  quanttt] 
arid,  that,  upon  fiiiliscqitcntly  »iiprrsaltirnlinc 
»louia,  ncithtr  oxide  of  chromium  nor  the  oxi 
tire  precipilBted.  He  then  subjects  the  cienr  1 
sohitinii  to  Itie  action  of  bihydrosulphurct  ni 
which  produL-e^  a  prefipitnle  uf  siil|ihuret  of 
vessel  is  planed  in  a  ratJicr  warm  Hituiition.  I. 
dpilate  has  fally  subsided.  Tho  solution  is  tl 
and  thu  äulphurcl  of  iron  is  washml  vrilb  a 
■water  and  bihydrosulphuret  of  amiuonia.  i 
washed,  the  swlphun-l  of  imii  is  rnnverted  inl 
of  inin,  by  tiic  pro<H.-s;t  drNrribed  at  pa^c  54. 
tion  altered  from  the  sulphuret  of  m>n  containi 
of  chrimiiuui;  the  cstiwatitiD  of  which  can  I 
only  by  evaporating;  the  solution  to  drynesa« 
waidü  latins  the  dry  mass  till  nothing  tni 
chromium  rrniainr>.  The  ignition  must  be  et 
counterpoised  platinum  capsule,  and  with  perl 
of  almosplH'ric  air.  TTie  operation  is  best  pei 
has  tM>fn  iiilimattrd  at  page  59,  by  si^Kine  thi 
capsule  in  the  muffle  of  an  »ssay  furnuce  ;  for  U 
complolcly  to  bum  away  the  cbarcoai  of  the  tai 

hv  naina  anit  ftiimr  nart  nf  fit«  iiI^j-a ^«r«.  -  -    . 
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Tnanopr:  In  tbis  case,  »ne  part  of  the  fiacly-levii^alcd  com- 
pound is  iused  witli  two  parts  ol'  water- free  chloride  of 
rnlriiim,  in  a  plaliniiin  rnirihif.  The  melted  maüs  is  llirn 
iKiilod  Willi  water,  iipun  w!iii.:li  «ingstatr  of  limr  rciimitis 
nndissulvcd.  This  is  lihered  und  wei^c<l.  The  tnelal  is 
tben  precipitated  Irom  the  filtered  solution. 


XXXV.    MÜLVUDEXUM. 

Quaatitativf  Egtination  as  Moii/lfdlc  Actd. — MolyhdcDum 
cannot  be  completely  scpardied  Tnim  its  itolutioiis  by  any 
rracent  whatever.  It  can  be  best  estimated  by  the  method 
employed  to  estimate  tun-^stcn.    The  coneentratcd  solu- 

■  tion  of  mulybdenutn  is  treated  with  an  excess  of  bihydro- 
Kulphurel  cil'  anintniiia,  in  wbirli  the  resulting  Kiilptmri't  of 
imilybtleiiinn  dissolves.     Miiriiilie  acid  is  added   lo  this 

■  »olutiou,  and  the  whole  is  pennittcd  to  repose  until  tho 
smell  of  sulphuretted  hydrogen  is  no  lonccr  observable. 
The  molybdenum  is  thu.s  previpilated  as  sulphuret  of 
molylwleninn.  If  the  operator  intends  to  niast  tlii.s  prw-i- 
pitate  in  the  i<aine  way  as  the  .sulphun-t  of  tunkten,  in 
order  to  convert  it  into  iuoIvImuc  acid,  he  must  go  to  work, 
very  cautiously;  for  molybdic  acid,  when  heated  to  red- 
ness in  contact  with  air,  15  apt  to  sublime.  It  i»  better, 
thrrclore,  to  ignite  the  sulphuret  of  molybdenum  in  a  little. 
weig;hed  retort,  whereupon  sulphur  is  volatilized,  and  tlie 
comporind  is  converted  into  the  lowest  sulphuret.  or  ^vy 

iilkllphurot  of  molybdenum.  It  i.'4  less  to  Ihn  pnr]K)se  to  dry 
the  precipitated  sulphuret  of  moIylHlenum  on  a  welched 
filter,  which  can  only  be  done  in  a  varnnm  over  üulphuric 
ftcid,  as  it  would  l>ecomc  oxidised  if  dried  in  the  op«n  air» 
and  then  to  digest  a  wt-iclied  poriion  of  rlie  dried  sidphuret 
in  aijwa  regia.  The  molylHlenura  is  tbtrcby  convcrtwl  into 
molybdic  acid,  which  dissolrcs  in  the  aqan  repa.  The 
sulphur  partly  proripilntes,  and  is  partly  eonverted  into 
sulphuric  acid.  Tho  separated  sulphur  is  tilii-red  ti|K)n  a 
weighed  filler,  then  dried  and  weighed.  From  the  tillered 
Solution,  the  siilphtiric  acid  is  then  prcfipitnted  by  a  solu- 
tion of  chlorido  of  barium;  BPid  the  quantity  of  sulphur  iB 
Ralculatod  from  the  weight  of  the  resulting  sniphalp  nf 
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harytes.    When,  iion-,  the  tiuantily  or  the  sulphar  con- 
tained in  a  weighed  quantity  of  the  sulpburct  of  molyb- 
ilcnuni  has  Uvea  ttiiis  dotorminc-d,  it  is  easy  to  find  ih« 
tguaDtlty  of  the  molybdenum  Ironi  the  toss.    But  the  quan- 
tity of  the  dissoUixl  molyhdic  arid  could  aU»  l»c  estimated 
liy  Kit  til  Tilting  with  ummoiiia  llie  liquid  GItcrcd  lh>ui  tlie 
sulphate  olbarytes,  whereupon  molybdate  oi'liarylvs  would 
precipitate.     But  thin  operatiim,  aerordinf^  to  Brrzcliiis 
(Pocgkndokkf's  Annaleu,  B.  vii.  p.  280;,  is  iusuffirieni 
to  cause  the  entire  preripitation  of  the  molybdic  acid;  ;uid 
the  operator  lius,  moreover,  the  task  of  delerminiDg  how 
much  barytes  is  coutaiued  in  the  resultiiit;  molybdatc  of 
barytes;   for,  without   examination,   it    i»   impossible  to 
ascertain  whieh  of  the  compoundK  of  mulyljdic  arid  »nil 
baryleü  is  obtained.    Prom  the  weight  of  the  siilphuret  of 
molybdeiiuni,  it  is  impossible,  for  rea.sons  which  are  very 
evident,   to  calculate  the  quantity  of  tnolybdcnuni:  for, 
supposing  the  snlphtiret  of  molybdcuum  to  have  been  pre* 
cipitnted  by  an  »cid  from  its  solution  in  bihydrosulpUuret 
of  ammonia,  it  will  of  course  be  conl;uuiuated  by  sulphur 
precipitated  at  the  same  time. 

Separation  of  Molyhdic  Acid  from  Metallic  Oxides. — 
Molybdic  acid  out  be  sciwrated,  by  bihydro.sulphiiret  o{ 
ammonia,  from  most  of  the  oxides  which  have  been  treated 
of  in  the  preceding  sections,  The  molybdic  acid  comjiouud 
is  dbwolved  in  an  excess  of  some  acid  ;  forwhich  purpose, 
however,  nitric  acid  is  not  lit  tu  be  craployod.  The  sutuüoit 
is  rendered  aiamoniaeal,  and  is  digested  with  au  tixcvsa  of 
bi  hydros  ulphu  ret  of  ammonia.  l*bc  metiülic  sulphorets 
thus  preiipltated,  are  filtered  from  the  stdiitiun  of  the  biiI- 
phuret  of  molybdennm ;  and  (he  molybdenum  is  precipitated 
from  the  liltcred  solution  b)  muriatic  arid. — This  method 
must  likewise  be  employed  when  the  molybdenum  is  com- 
bined with  metallic  oxides  which  cannot  be  prcripitateil 
from  acid  Kohilions  by  sulphurelted  hydm^-n  gas  ;  because, 
in  this  process,  the  molybdic  acid  is  not  converted  by  sul- 
phuretted hydntircn  ^h  into  sulphuret  of  molylHlenuui. 

Separation  from  Earths  and  Alcalies. — When  molybdic 
acid  is  combined  tvith  an  earth  or  an  alcali.  the  solutionis 
linsl  treated  with  an  excess  of  bibydrosiilphuret  of  amuio- 
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nia;  sulpburet  ot'molylxlcnum  is  llieti  precipitated  by  the 
addition  of  muriatic  avid,  iind  rJie  earth  or  alcali  is  uftcr- 
KtiriLs  separated  fntiii  (b(^  liltered  solution.  But  the  salt 
can  ulao  be  decumpuäed  by  (he  addition  of  nilnc  acid,  aud 
the  evaporation  of  the  »olution  to  drytiv««.  lie  molybdic 
acid  is  tliereby  »cparatcd.ftiid  upon  trcatiiif;  the  mass  with 
water,  remuins  «udis^olvcd,  nhiJe  the  earthy  or  alcatinc 
nitrate  forms  a  sohition. 
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XXXVI.    CHROMIUM. 

Prtäpitaiion  of  (fj-ide  of  CkromiuiR. — When  ehromtum 
exists  in  a  solution,  in  the  state  of  ^een  oxide  of  cIud- 
miiitn,  the  best  way  to  preeipitate  it,  is  by  means  of 
r».u.*itir  ammonia.  It  in  thrrrby  prt'ripiluted  in  the  Ntale 
of  hydrulc.  The  preeipitate  is  wusIiL-d,  driwl,  ignited,  and 
weired,  in  the  ignition  of  oxide  of  chromium,  a  certaio 
l^egtve  of  pivcaution  is  lo  be  taken;  because,  when  it  is 

ted  to  a  pnriictdar  point,  it  suddenly  becomes  incan- 
descent, and  a  »li^ht  e\ph>sion  takes  place,  by  which,  when 
the  quantity  uf  the  oxide  i.t  at  all  considerable,  a  portion  of 
it  may  la-thruwu  from  the  ve-süel  and  lost.  It  is  theretiire 
necessary  to  i^ite  the  oxide  of  cbroiniam  in  a  platinum 
cniciljle,  which  can  he  accurately  eloi^ed  by  u  cover.  The 
ignition  renders  it  iniiohible  in  aeidti. — The  liquid,  filtered 
from  the  hydrate  of  oxide  of  cliromium,  still  contains  a 
little  oxide  of  rhrvmium  in  sohition.  To  obtain  thi»,  the 
nolution  must  \w  cvuponttrd  tii  dn,'nc»i,  and. the  dry  tnuss 
Iw  treated  with  water,  iiijon  which  the  small  portion  uf 
u\ide  of  ehrumium  reuiauiü  unditiKulved,  aud  cau  be  col- 
luded and  weighed. 

Preeiji'ttatioji  of  Chromic  Acid. — Rrdnctiou  of  Chrtfmir 
Aeiii  to  (Jxidf  of  ( 'Aromiiiai. — When  chromium  exists  iu  a 
liquid  in  the  «täte  of  chromic  acid,  the  operator  can  pre- 
ripitttte  il,  uhen  the  solution  iM  neutral,  by  a  »olulion  of 
nitniu-  of  bury  tes,  or  when  it  ih  Mtmewhat  acid,  by  a  !Uihitiim 
of  nitrate  of  lead;  the  one  precipitant  pn>ducea  Chromate 
of  baryle.*),  the  other,  chroraate  of  lead,  which  is  nut  solu- 
ble in  very  dilute  acid  solutit hh.  I'Vom  the  wci>;bt  of  the 
ignited  precipitate,  the  qnaniily  of  the  rliromir  add  eair 
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nl  ftretale  M  lefRl,  I  ft  wniCO  a  UnK  TTM 
addod.  Thr  oppralor  obtiins  a  solution  of  tbe 
nhrcimiuto,  whilo  f-Iiromal«  of  lead  remains  nadl 
The  iixcos.-;  uf  lc>a(]  is  »it>|):intted  (mm  the  snlnträn' 
f>f-clirumium  by  a  currt-nl  of  .fuIpIiur»*ltiHl  hyi 
tbe  oxide  of  chromium  can  then  be  pri'ripit 
nec«saar>'  to  decompose  thr  rcsultia^  chrot 
that  it  tnnjr  Iw  dctnmtncd  how  mnch  cbnitoic 
contain».  Thi>  best  uuy  (u  demmpase  it»  is  til 
mnriaiic  acid  aiid  alcolu>l.  T)ie  chloride  of  lau 
mtcd  hy  ßltration.  and  thr  oxide  of  chntmhiin  ij 
tatrd  from  ihr  lilli.'-n-«!  .soltitioa.  Tho  quontitjrot 
acid  18  osccrloincd  by  cnliulaiion. 

XXXVn.   ARSENIC. 

QmmtÜMipe  Egtimation  of  tke  Acuta  of  A\ 
ioAdeof  I^mH. — Thr  qtijintitativc  r.stiiitntinn 
ousand  arsf^nin  acids  in  »ointion,  con  be  eir<H'l( 
o]>cratton8.  irthRWiIiiltim,  (»ORtde«  nrsenic 
only  fiitrir  acid,  anil  no  difscripl ion  »»f  Uxod 
must  lar  mixed  with  an  accurately  weighed  qa 
frvshty  i<>nit(><l  pure  protoxide  of  lead.  Tlio  mIdI 
then  Im-  evaporated  to  dnitcw;,  ami  the  term 
ignited  in  a  liltl«!  counterjHiiKHd  pl.'ttinum  ra[M 
quantity  of  the  aracnic  arid  J«  learned,  bydafc 
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Wä^im^aUt^WiHmatio»  of  ArMmou»  Acid :  Predpitatim 
^  Sulpiturettfd  Hydrogen  Gat. — Ars«nioiiH  acid  cannot  be 
■uily  conviTtiMl  jnbt  arwnkr  Hcid,  li;  iDciUi.H  (if  nitrir  iii-jd 
pdanc,  but  iiuly  Vty  uicaiLS  uf  nqua  it^iu.     But  nrsciiir  acid 

rinot  bv  qiianlitativdy  estiniutiril  by  protoxide  of  lead, 
iJu'  manner  dcscrilwd  aboTf ,  if  mariatic  ncid  w  present 
In  tlic  Mnlutiiiii.  It  is  Iwtti'r  llivrulore  U>  |ir«ci|Ht:)tu  (he 
Bneuic  rmin  llio  sotuiioo,  by  a  tiurent  of  sulpburetted 
pytlroeen  kuh.  The  äulphurt- 1  of  ursenic,  precipitated  from 
jl^luted  iuid  äolulioiia,  in  such  a  caw:',  in  equiralenl  iD  the 
pro|K>rtioii  of  it«  coniFtituontä  to  the  arscnlouti  acid,  llir 
18  ullowcd  to  stream  titrougb  thi;  solution,  lUl  tbi; 
iter  i«  fnlty  liutiintlcd  therewith.  Tho  Koluliuii  i.s  after- 
permitted  lo  romuin  in  u  situuiioii  where  it  may  be 
uuderatdy  wanned,  until  the  .suit.41  of  «ulphurcticd 
is  no  longer  pcrcoptiblc.  By  Ibis  mean«,  th« 
t  traces  of  .siilpliun-t  (»f  itrst-nie,  whicb  i-emain  ili»Mo)vnl 
jb  M  iM>lulioti  .siktunite«!  wttli  Mulpliiirt^tted  hydroi;en  gu». 
BTO  comph-tely  prvcipiiatod.  The  ruttulting  itnlphurct  of 
■neuic-  is  tillerc<l  upon  a  weighed  lilter,  aiid  waähed  ;  it  \a 
PBtprwanlN  dried  by  a  very  giutle  Xu-m,  luul  tbeii  weigluKl. 
^f  tJw  operator  were  conviDCcd  that  the  solutioD  cuQtaioed 
;pnly  antenious  acid,  he  mielit  calculate  the  qmintity  af 

Eiv  arsciiiotis  acid  fnmi  the  neigbt  uf  ibr  n-aulliuK  sul- 
barvl ;  nevertbdess,  au  orror  mifcbt  be  coiumitted,  even 
I  that  case,  becauM  tlic  prceipitiitod  solpburel  uf  arsenic 
evnlains  more  »ulpbur  ibau,  aixuriHu;!  to  theory,  it  ought 
to  cootüin;  ibc  reaiton  of  which  is,  that  free  .tulphiir  is 
jdcposite«!  durinfi:  the  decomposition  «if  tlie  cxccsji  uf  sul- 
|phun-ttcd  bydniKrn  gu»  which  wu»  dissolved  in  the  solu- 
jtiou.  Uut  when  the  operator  imagincä,  that,  in  addition 
tlio  arscnious  acid,  a  portion  uf  arsenic  acid  wan  also 
rcseot,  tbe  resulliui;  sulphuret  uf  araemc  must  invariably 
farllicr  examined,  whicb  indeed,  for  tiK'  readmit  ubovu 
leiitioned,  »hould  also  \k  the  ctise,  when  mon-ly  anscniuiu 
■cid  was  preiseol.  TlUo  best  method  of  examining  tho 
pulpburct  of  arsenic  v&  the  follo\\-in!;:  Let  it  Uc  dried  and 
Hoigbcd,  and  then  put  as  much  of  it  as  can  l>e  Kcponitcd 
Ihilii  the  lilter,  into  a  small  matrajw  or  glaM-s:  then  weigh 
^he  tiltcr  with  wbut  resaains  upon  it,  to  a^certaio  how 
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tniicli  »f  ihe  8utphuret  oi' arsenic  in  siiljinilled  to  Hf» 
laent.  Poor  aqua  re^a  orer  tlic  sulphnret,  and  lOmj 
to  digest  (lierrwitli.  The  arsoiiic  is  convcrtrd  inai  i 
acid;  llic  sulphur  is  partly  cuiivcrted  into  »ulpbaricdl 
and  partJy  precipitated  as  pure  sulphnr.  Tfae  digMfi| 
would  be  of  tot)  lun^  Miiitinuancc,  and  the  aqn ' 
would  rctpiire  to  be  oftpii  renewed,  if  it  wcrre  intnddf  | 
conv<>rt  tlm  sulphur  wluilly  into  Hulpburic  acid.  JUsmI 
however,  as  the  »  ilphur  has  concreted  into  a  frwh^tl 
it  is  filtered  upon  a  wciirhed  liller,  und  washed;  liua^l 
can>fully  dried  and  wci^'hcd.  To  the  liltcrcd  sotaivll 
Kululion  of  chloride  of  harinm  in  added  ;  tbo  qmaH^I 
Kulpbur  amlainttd  in  the  sulutioii,  in  calculated  fnafcl 
H'eifrht  of  the  resullin^  .sulphate  of  tMiry-trs.  IVmI 
quantities  of  äulphur  iudicate  thü  entire  qnantit| 
taincd  in  the  sulphurot  of  arsenic  submitted  li>aAil|*| 
The  loss  indicutt:-K  the  (piantity  of  iirst'iiir,  from  whiAn 
quantity  of  ai-senious  arid  can  be  reckoned. — TTic  fM*| 
tion  is  hereby  to  bn  ub:ierved,  of  not  filtering  ihf  i 
suIvi-flKuiphur,  until  it  has  difce^led  a  pretty  long  timit| 
llic  aqua  refina-  The  colour  of  sulphuret  of  aiscttcl*| 
not  strikingly  diOcr  from  the  colonr  of  snlphur;  yet,< 
a  little  exi>erienee,  the  operator  Icams  tu  jud|i^  exiniAl 
well  Irani  the  colour  and  appearance  of  tlie  »^1 
whollurr  or  not  it  contain  any  sulphurot  of  Hrsenic 

Quantitatice  Etiimation  of  Arsfnic  A^-iti. — Id  (i*r  i 
manner  can  arsenic  acid   in   Solution    be   quantltilMl 
etttinialdd  by  sulphun^tted  hydrogen  k^ls-   and  Ihi);  i 
is  to  be  adopted  when  it  is  impo.«siblc  tu  etfect  tkrl*| 
matinn  by  protoxide  of  lead,  as  it  in,  for  cxaniple,i 
the  solution  contains  muriatic  acid  or  fixed  c<nu(tili 
Arsenic   acid,  however,  is  precipitated    by   ralphl«''! 
hydrn)^n  gas  tar  mom  slowly  than  arsoiiions  add  01 
nil  subslanre.s  that  arc  acted  on  by  sulphnreited  bvda^ 
gas,  arsenic  acid  is  the  one  whose  precipitation  m|ip| 
the  greatest  leuf^h  of  time.    Besides  this,  a  much  ptMl 
quantity  of  the  resulting  siiipliiiret  of  arscuic  remuv' 
Kohition,  in  the  hydrusiilphiin>ttrd  liquor,  than  is  ibc< 
wheat  tliu  »rsenious  acid  is  precipitated.     The 
.tulphurct  can,  nCYCrtltcless,  be  fully  precipitAtcd.  bf*^' 
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^►osiiiji  thp  mixtiir»  to  a  very  pcntlf  Iient  fill  il  rcasca  \o 
SiDt'U  or>iiil|iliiin'ttpf]  hydnifreii. — Iflbt*  opcrMtor  knawit  lo 
k4)erlainty,  ttmt  tbi>  »nluUuii  cuiitniiicHl  only  ursfnic  acid. 
pi' may  reckon  the  qnanlity  of  the  acid  from  ibc  weight  of 
ttc  siilphurol,  «incf  the  giilplitiret  of  «Tscnic  produced  in 
this  vase  isfquivulcni  to  arsenic  acid.  It  mu^il,  (io\*i'ver, 
1^  renu>mlM>n>d,  tliat  the  preripilattKl  sulphuret  of  arsenic 
is  contaminated  by  free  iiulphur,  produced  by  the  dcrom- 
piMition  »if  Ihr  f\rrfiA  «f  siiliiliiirrtti-d  hydnfjren.  This 
free  salphur  orten  amounts  to  some  per  tents,  so  that  it 
$a  iniliüiteitsnlily  nei-eiiKary  to  Kuhnitt  th«  sulphiiret  of 
ftrtu-iiic  thus  oht:iif)c*l  (i>  unalysiK.  The  examination  is 
Oint]uclf.-d  in  the  •tiuiif  manner  ».s  that  of  (he  :4iilphuret  of 
jlnwnir  precipitated  rroin  »ilutinn»  ofantenioiiH  arid. 
-  Trrrftmrnt  of  Si<1«lio»x  of  Arsi-iilc,  Ay  liihf/drostilfihiirrf  of 
'^mmottin, — Instead  of  esliDiatinir  the  quantity  of  arsenioii« 
pt  arsrnic  acid,  by  paitsiitf;  a  current  of  miljthun'ttnd 
bydrocen  eas  through  tlieir  diluted  solutions,  the  o[>L-ru.- 
tiun  uliirh  folluv\.s  may  be  adopted :  Tlio  acid  solution  of 
faBcoic  i»  super^^atumtcd  with  ammonia  and  mixod  with 
B  suflicient  (lunnlity  of  bibydrosniphuret  of  ammonia ; 
hereupon,  the  «uiphuret  of  amenir  nhirh  is  formed,  dis- 
ttolves  rendtly  and  compliitirly  in  the  uxce.<u  of  bihydrusul» 
pbttret  of  ammonia  ;  it  mattrni  not,  whether  the  sniphuret 
^roducnl  be  rqnirnk-nt  in  its  composition  to  Iho  ursenions 
OT  the  arsenic  arid.  If  the  solution  be  very  conccntruted, 
ll  U  dilated  with  water,  and  then  mixed  with  as.  much 
fanrialic  arid  n-t  ik  snflicient  to  m»ko  it  acid.  Sul> 
bhuretie<l  liydnv^n  ;^us  \»  (hen  »iistn^agctl.  and  sulphiiret 
0f  arsenic  precipitated.  Tlie  solntinn  \a  digcst^-d  ut  a 
very  jrcntle  licnt,  until  it  no  longer  smells  of  sulphuretted 
tiydroj;rn  ^5,  and  the  snlphun^t  of  nrstmic  is.  tben  lillerrd. 
It  1.1  iilisulutely  nece».sary  to  unalvfu;  thiH  8ulphun-t  of 
pncnic  in  ihc  manner  which  ba^  been  described  above; 
llbr  it  rontiiins  a  Inive  propi>rlit>n  of  free  .lulphtir,  furnished 
hy  the  dccompottod  bihyclni^nlphuret  of  aiumonia. 
■  Preripitatioa  of  Annie  Aeiri,  Ay  ShUk  of  lAad. — The 
quantitative  entimalion  of  ai>ienlc,  by  precipitating  the 
airKcnii>us  and  iir.senic  acidn  by  (fiilphun-tletl  liydrov'eu  gas, 
jpmd  by  nnidydink'  tbe  recfultinK  sulphuret  of  arscuic,  iti  the 
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curi.-fiil]y  dried  and  wei<;1ied.  Tu  the  filtered  n 
sitliition  ul'  chloride  of  burium  Ls  added  ;  the  q 
sulpliiir  roiitiiiiurd  in  tin;  Miltitioti,  is  calciilulod 
vcipht  of  tlio  resulting:  sulphate  of  Imrylcs^ 
(|UHii(itiaH  of  Kul|)l)ur  indicalo  the  entln]  qH 
taiii<.-d  ill  tho  Mil|ihurt't  of  arsenic  snituiittdl  n 
Till'  loäs  indicates  the  quantity  uf  arsLiiic,  frooi 
quantity  of  nrscnious  acid  cum  l»e  rt-ckoncd. — U 
lion  is  hereby  to  be  obsoncd,  of  not  fUteriii|ä 
solved  sulphur,  until  ithiLtdiffirslt'd  n  ]iretty  Icfl 
the  aqua  fr);!».  The  culour  of  8iil|>hiirt-t  of  an 
HOI  strikingly  differ  from  the  wintir  of  sulphur; 
a  little  experience,  Ibe  opcmtitr  leums  lu  judjic 
well  from  tho  colour  and  «ppcarance  of  th« 
ivbelhcr  or  not  il  contain  any  mdphiirct  of  arsen 
Quaatitatir.e  Kglimatum  of  Arsenic  j\cid. — In 
manwr  can  arsenic  acid  in  soluti«in  be  qtnu 
esliinated  by  sulphuretted  hydrogen  f^i^x  and  111 
is  to  be  adopted  when  it  is  inipodsiblc  tu  cfiieci 
mation  by  pnttuiiidt;  of  lend,  ns  it  is,  for  cxABi 
the  solution  contains  muriatic  acid  or  lix.ed  ooi 
Arsenic  acid,  hoircvcr^  b  prccipitttted  by  «I 
hydrocrn  chs  fiir  mon-  slowly  than  »rstmions 
all  .substances  that  are  acted  on  by  suiphurctted 
pas,  arsenic  acid  is  Ihc  one  whose  precipitatiM 
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posini;  the  niivtiin>  I»  a  very  |^?nl]p  hoal  lill  il  reaws  lo 
smell  of  Hill phuFet led  hy{lro<ren. — If  the  operator  knows  to 
a  certnintjr,  that  the  dilution  amtnincd  nnly  nrsciiic  arid, 
hv  ntiiy  nrirknn  ttic  qniintity  of  thn  iirid  from  tin-  wcit;lit  of 
the  siilpliurt't,  sincf  the  .■»ulphiiret  of  ar^ntr  produced  in 
(hiR  caw  M  pqiiivalcnt  to  nrsetiir  acid.  It  most,  honovor, 
bo  n-nictiiUiTeil,  that  the  precipitate«!  ünlpliiirrt  of  nrsenif 
is  contutiiiimtrd  t^  I'rre  üiilpliiir,  prodttcrü  l>y  liic  decoiu- 
iMntiun  «f  the  excess  of  sulptitirettod  bydrt^jen.  This 
free  .i-ulptiur  often  amounts  to  some  per  rents,  no  thai  it 
is  indt spell nn Id y  neet-wtiary  (o  submit  the  sulplniivt  of 
arsenic  thus  obtained  to  analysis.  The  examination  in 
mndurteH  in  the  Hiime  manner  as  that  of  the  sulphuret  of 
arteuir  pn^c'ipi tilted  fnim  wilutiou!«  of  anteniuas  acid. 

TVcatment  of  Holititm*  of  Arsenic,  by  Bikyttrmvlpharft  of 
ttamomo. — Instead  of  pütimatiii};  tlio  quantity  of  arseninn.'! 
Sr  arsenic  auid.  by  passiu'*  a  current  of  «ulphuri'ltcd 
liydroi^n  fras  ihroufrh  their  diluted  solutions,  the  opera- 
tion which  foHons  may  be  adopted:  Tlie  acid  »dutitin  of 
arsenic  is  HU|H-ntatii rated  with  ammonia  and  mixed  with 
a  »uflicient  quantity  of  bihydnistilpliuret  of  nmraonio: 
hereupon,  tlie  Hulphurcl  of  arHenie  wliirh  is  fnrme«!,  dis- 
«olves  readUy  and  completely  in  the  excess  of  bihydrosnl- 
pburet  of  aiiiuiunia  ;  it  matters  not,  whether  the  Hiilphiirel 
Jtroflurcil  be  equiralent  in  its  eomposilion  lo  the  ai^eninas 
or  the  arsenic  acid.  If  the  solution  be  very  concentrated, 
{t  is  diluted  with  water,  and  then  niived  witit  as  nineh 
niiiriatie  neid  as  is  «uifficicnt  to  make  it  acid.  Sul- 
phurcttnl  hydroecn  gas  is  then  disentrngcd,  and  sntphiiret 
of  iirseiiic  pn^-jpitated.  The  soliilioii  is  diKi'.sted  at  a 
Tcry  ;:eutlc  heat,  until  it  no  longer  smells  of  sulphuretted 
bydrogen  («as,  and  the  sulphurct  of  arsenic  in  then  fdtered. 
It  is  absohitely  necessar)'  to  analyse  this  siilphuret  of 
arsenic  in  the  manner  which  has  Ixm  denribed  above; 
for  it  cantnins  a  larjre  proportion  of  free  mlphar.rumtHhed 
|iy  the  decomposed  bihydrosalphuret  of  ammonia. 

i'rfripitntion  of  Arxmu-  Arirf,  by  Salts  nf  /.«irf.— The 
quaotitiilivu  estimation  of  antenic,  fay  preripitatini;  the 
■rsenious  and  arsenic  acids  by  sulphuretted  hydrotrrn  ^s, 
and  by  lumlysin^  tbu  reuniting  »ulphurvt  of  uibcuic,  \&  tlie 
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oxide  of  cliromium  and  the  excess  of  acetate  rl  lead, 
main  in  »olutioii.  Care  miut  be  t&kcn,  that  ttic  nolutiun 
Aaes  tint  eontniti  so  much  free  acid,  as  to  act  as  a  j^olvent 
on  the  chromnlc  of  lead.  Arctic  acid  may  lie  pre-Aent  in 
excpsn  uithoiit  prcjiidirt',  since  tlic  chrumutr  wf  lead  in 
inKoJuMr  in  tliat  acid. — Wiien  u  mAuI  corap*mnd  of  chromic 
acid  and  chromic  oxide  is  to  be  examined,  it  may,  i«'hcn  il 
lias  lieeri  ruc<>atly  precipitated,  be  dif^estcd  with  a  .sulution 
of  acetate  of  lead,  to  M'hicb  a  little  froc  acetic  acid  liiw  Ihth 
added.  Tlic  operator  obtains  a  solution  of  the  oxid«of 
chromJuiu,  while  Chromate  of  lead  Trmain.s  nndiasnlTnl. 
The  CXCCS8  of  lead  i.s  separated  fnun  tiic  Noltition  i»f  oTkiilc 
of  chnmiinm  Ity  a  caiT<.'nt  of  sulphuretted  bydrt^^a  co^; 
tbe  oxide  of  chromium  can  then  he  precipitated.  It  i* 
necessary  to  decompose  the  resnllinK  chnnnat«*  nf  Irad, 
tbat  it  may  Ik  determined  how  much  chromic  acid  it 
CMitains.  The  best  way  to  decompottu  it,  is  by  moan-i  of 
»luriaiic  acid  and  alcohol.  The  chloride  »f  lead  i^s  s<:]ii)- 
rated  i>y  (iliraiion,  and  the  oxide  «>f  chwniinni  i»  precipi- 
tated from,  the  filtered  solution.  The  quantity  uf  chromtct 
acid  ia  axrertaiafx]  by  calculation. 
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Quaittitatitf  Bttimation  cf  the  Acut*  of  Arsenic,  ty  Pnt- 
ajntie  of  T^rmt. — Tho  quantitatiTo  estimation  of  tho  anfJit- 
ous  and  ainenic  acids  in  :«oliitiim,  can  beefT^led  by  variant 
n|K-nilion.s.  ff  ihiT-HoIiition,  iH-siflcK  anicnic  acid ,  contain« 
only  nitric  acid,  and  no  description  of  lixed  .sulistancr,  it 
must  he  mixed  with  an  accurately  weiG;hcd  (|na»tity  afi 
freshly  iirnit^d  pure  protoxidp  of  lead.  The  .-^dution  mwt 
then  he  evaporated  to  drsmess,  and  the  remainder  tit- 
ig^nited  in  a  littht  counterpoised  platinum  rapsnio.  "nn* 
quantity  of  the  ai^teuic  acid  is  learned,  liy  dcdiictini:  tbr 
woigbt  )if  the  protoxide  of  lead  employed,  fnim  thai  i'l 
the  iifnitcd  mass.  It  Ih  nocc^ary  lo  observe  here,  tiuJ 
tbi>  solution  muKi  contain  no  other  acid  than  arspnic  add, 
capable  of  producini;  a  lived  »air  with  protoxiile  «f  lawl 
The  prr^enrc  of  anunonia  is  likewise  dbtiidruntaj^Mi*  ^ 
thin  melhrMi  nf  rtitimali(Hi. 
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Qiuntiintäfft  Egtimatioit  of  Arscrtiowi  Arid :  Precipitation 
by  Sitlp/iitrettai  Hydrogen  Gtt$. — AtseiMouH  acid  caiincil  be 
aanly  convLTtcd  intu  antcnic  adü,  li>'  mean»  of  iiitric  ncki 
dlODf,  but  only  by  nicaaä  ut'  aqua  regia.  But  arscDic  acid 
counot  lx>  quantitatively  estimated  by  protoxide  ol'  lead, 
Id  ihf  maaiier  dcMrriheil  abitvu.  it'  muriatic:  arid  in  present 
in  tlte  ftululiun.  It  I»  better  tlivrefurc  tu  pret'ipitale  the 
ikrscnic  from  tJie  solution,  by  a  curreot  of  sulphuruttui 
bydrogcn  s.i\s.  The  »utphuK-t  of  aräeiiic,  pr<.'rii>itMtcd  IVum 
dittiicil  acid  »ioluiioiis,  iu  such  a  ca»c,  is  equivalent  in  the 
pro|Hirtion  <if  its  conitiituents  to  the  araenious  acid.  The 
g&n  is  allow<!d  to  Mlrvaoi  tliruuf()i  ihn  solntion,  till  tbe 
latter  id  luliy  saturated  therewith.  The  Kolutinn  i.H  aftcr- 
wardt)  pcnuittod  tu  retuaiu  iu  a  »«itaatiun  ivhcn*  it  way  Iw 
V'^  moderately  vranoed,  until  tbc  ämcll  ol'  sulphuretted 
hydnig(Mi  in  no  longer  pea-ejitihle.  By  tliis  meant«,  the 
biMt  traces  uTtiulphuret  i^  urüi^nic,  nhirh  ii-main  diiwolved 
ilk  a  iKtIution  ^turated  with  »uljdiurutLed  hydrogen  ^as, 
are  completely  precipitated.  111«  reüultiiif;  sulphuret  of 
oneaic  is  hlteird  upon  a  weighed  HIter,  aud  washed  ;  it  is 
all^nrardtt  dried  by  a  very  gcutic  heat,  and  then  %vciglH.'d. 
If  the  operator  were  convinced  tJiat  the  solution  contained 
only  ttntrnious  acid,  hr  might  rulcutale  the  (fUiintity  or 
tliii  ur.-ieiitous  neid  (rum  llie  weit;ht  ol'  llie  n-atiUiut;  »ul- 
phnrct;  neTortltcIc»t>,  an  error  might  be  conunitted,  oven 
in  thill  case,  bceause  the  precipitated  sulphuret  of  ar«enir 
cotilainii  niori;  sulphur  thaji,  according  to  iheiH'y,  it  uu^^ht 
to  contain;  the  reason  of  which  is,  that  free  sulphur  is 
depu-iiied  during  tlic  decora po.sj lion  of  ttir  cxccm::!  of  sul* 
phuretlcd  h\dro^cD  gas  uhich  uas  dissolved  in  the  Holu- 
ttUD.  Out  nlien  the  operator  inia^ncs,  that,  in  addition 
to  Uie  arüeutous  acid,  a  portion  of  arsenic  add  wa»  also 
present,  the  resiiltiuR  sulphuret  oC arsenic  must  invfuiably 
be  farther  cxumincil,  vrhieh  indeed,  fur  the  rcoiionii  above 
nimttiunt-d,  .should  also  be  llie  case,  when  merely  antenioua 
acid  was  prcscul.  The  liCKt  nictiiod  uf  cxiuninin^;  liic 
«ulphuret  of  arsenic  is  the  following:  Let  it  be  dried  and 
weighed,  and  then  put  as  much  uf  it  a«  can  be  Keparaltnl 
from  the  lUiei,  into  a  itmall  tiiatrajut  or  gla««:  then  weijih 
tl>e  filler  with  what  rcmain.s  upon  it,  to  ascertain  bow 
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much  of  Iht!  .siilphiiret  of  arsenic  is  stihmitfed  to  exprri- 
ment.  Pour  aqua  re^ia  over  the  sulplitirel,  and  allow  it 
to  tli^'cst  tlicrcttith.  The  arsenic  is  converted  into  arsenic 
acid;  the  »utphur  is  |>arll)- convurted  into  sulphuric  acid, 
aud  partly  prccipitat»)  ua  puru  sulphur.  Tbe  diffestion 
woiU4  Ik  of  too  Iuuj;;  coDtinuaiicc,  and  the  aqua  rcfru 
would  require  to  be  often  rcneweil,  if  it  were  iatended  b) 
convert  the  sulphur  wholly  luto  .suljiliuric  acid.  Xa  mm»»' 
however,  a.s  the  s  ilphiir  has  concreted  into  n  few  lumpü, 
it  is  üllcrcd  iijion  a  weighed  lilter,  and  waHhrd;  then  veiy 
carefully  dried  and  wc^i^hcd.  To  the  tiltcrcd  solution,  a 
stiltitinn  ijf  chloride  of  bariiini  is  added;  the  qunntitr  of 
sulphur  contained  in  the  solution,  is  ralrululod  from  the 
weight  of  the  rowulling  xulphatn  of  haryteit.  The  tun 
quantities  of  snl;^ur  indicate  the  entire  quantity  con- 
tained in  the  tiulphurcl  of  arsenic  sulimilted  to  unalysiA. 
The  loss  indicatoft  the  qaantity  of  arM>nic,  from  which  tbe 
quantity  of  arsenious  acid  ran  be  reckoned. — The  precau- 
tion iü  hereby  to  Ije  <ihser\'ed,  of  not  filtering  tJic  umli>- 
solved  salphur,  until  it  has  di^sled  a  pretty  long  time  with 
the  atiua  re;;ia.  The  colour  of  .sulphurct  of  arsenic  does 
not  9trikint;ly  differ  from  the  colour  of  sulphur;  yet,  aflrr 
a  little  exiicrience,  the  operator  learns  to  judge  extremely 
well  from  the  colour  and  appearance  of  the  sulphur, 
whether  or  not  it  contain  nny  sulphuret  of  arsenic. 

Qititniilaliee  Estitmtlimi  of'  Arsifnie  Acid. —  In  thu  same 
manner  can  arsctiic  acid  in  solution  bo  quantitatively 
enlimated  by  s ill plui retted  hydn>^n  fjus;  and  tliis  nietbod 
is  to  be  adopted  when  il  is  impossible  to  effect  the  csti- 
mation  by  protoxide  of  lead,  u-i  it  h,  for  exaoiple,  nhvn 
the  solution  nmtJiins  muriatic  acid  or  fixed  constituents. 
Arsenic  acid,  however,  ia  precipitated  by  ^iulpfaurcttMl 
hydrogen  pas  fur  more  slowly  than  arsenious  acid.  Of 
ail  substances  that  are  acted  ou  by  sulphnrettctl  liydrof^u 
gas,  arsenic  acid  is  the  one  whose  precipitation  r<-qutr»> 
the  greatest  length  of  time.  Besides  this,  a  much  ^atet 
quantity  of  the  Tcsulting'  sulphuret  of  articuic  remuos  in 
solution,  in  tlic  by drosnlphn retted  liquor,  than  is  IhcoLW 
when  tho  arsenious  acid  is  precipitated.  I'he  di^olved 
sulphuret  can,  nevertheless,  be  tally  precipitated,  by  ex- 
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diSRolved  in  nitric  ncid,  mixet)  with  a  solution  of  nllrate  of 
lead,  and  cnnltnusly  eva|mrat(rd  to  drynfw*:  tlic  excess  of 
nitric  ncid  w  thus  exjicllfd,  iuid  when  tlic  mass  is  «ftcr- 
iWBnU  trrated  li-ltll  water,  tbi:  arRcniate  of  Icud  rcmAins 
Vniiiitsolvcd,  while  llio  excess  of  nitrate  of  lend,  and  Ihr 
hnf(*!  U'hicli  nus  previously  combined  with  the  arsenii' 
■rid,  tiut  now  is  united  to  nitric  nrtd,  di.s.s(ilvc.  The 
'•weifEhl  ot"  the  orseniate  of  lead  is  ascertained,  and  the. 
quanlily  of  the  arsenic  acid  is  calciditlcil,  liMi^rriii-mlly,  on 
the  aupiHi.'^ition  that  the  arücniatc  of  lend  Is  ncutrtü.  This 
snpposiilion  is,  however,  not  correct.  The  operator  must 
detemiinr  e\p<'rinientnlly  how  ranch  prtdnxide  of  lead  Is 
ixMiiiiiiied  in  iht-  pn-t;ipitated  ur»eniale  of  lead.  It  is  also 
necessary,  if  the  quantity  of  the  base  is  to  Iw  determined, 
to  separate,  in  the  first  place,  the  excess  of  protoxide  of 
lead  from  the  liltered  solution.  It  ir  easy  to  perceive  that, 
[as  wiis  olMerred  in  a  preceflinp  |>araprapb,  tliis  method 
'  rtoejt  not  di'.Her%T  to  be  emjiloyt'd. 

ScjMirntion  (if  Arxfuir  And  from  ßan/icx,  Üvic,  Str/mfUtn, 
«im/  PntttMuk  of  Lcarl,  iitf  i>ulf>huric  And.  —Some  bases 
whoiMr  compounds  with  sulphuric  acid  are  innolublt'  in 
,  water  or  in  weak  spirits  of  wine,  ran  t>e  sepnniti-d  fnim 
'  arsenic  acid,  by  the  fi^owinf!  process,  with  great  eoiic  and 
acciiniry.      Hicmc  Irases  are  btirytcs,  lime,  stniniian,  and 
I  jirutoxide  of  lead.     Supposioff  one  of  these  Uu.ses  to  Ih- 
combined  with  ar.M?nic  acid,  and  the  compound  to  be  pre- 
;  seuled  fur  es.umiruition  in  the  solid  foriu,  it  is,  in  the  first 
I  place,  to  be  weighed.  If  it  contain  water,  it  must  lie  heated 
to  n'dnc.s3  before  it  is  weichet!.    It  is  then  pulverised,  »nd 
submitted  tu  the  action  of  aulphtlric  acid,  with  which  it  is 
nllo^^ed  to  digest  fur  some  time.   Tliercafter,  if  the  base  iu 
^ar>'tes  alone,  unter  is  added  ;  and  the  sulphate  of  Imryte«« 
ni  filtered,  ivusbed,  and  weighed.     From  the  ueighi  uf  tlu> 
'  Hulj^ute  of  barytcs.  the  quantity  of  barytes  bi  calculated. 
The  qiiiintity  of  the  arsenic  acid  lä  the»  ascertained  with 
great  accuracy  from  the  loss.     If  the  base  is  lirac,  stron- 
tian,  or  protoxide  of  lead,  then,  atter  the  decomposition  of 
the  compound  by  sulphuric  acid,  the  inixturt-  is  diluted 
with  spirits  of  «iiH-,  in.stead  of  wulcr;  because  the  sul- 
phates of  these  bases  arc  partially  soluble  in  water,  but 
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iiot  in  spi  rits  of  n-ine,  while  ibc  separated  arsenic  uU\ 
the  exc«.i.i  o(  Ktilpliuric  acid  ilissolvo  in  spirit«  oT 
readily  un  i[i  WHlrr.     The  ttiilphales  are  tittered, 
\vitli  iilroliol,  nJid  wcii;ht:d.     Tlic  quiUitilicj«  ol'  the 
tivR  lyase»  uro  thro  calculaliMl. 

Bdorc,  however,  these  arecniatcs  arc  diKCäted  wilk 
phiirir  aciii,  it  is  proper  t»i  treat  tJiein  with  muriatic  i 
'Dil*  Dt^utral  and  basic  arseiiiali's  am  all  Koliilite  tti  min 
urid  ;  .to  are  also  the  acid  aräeniates,  uhen  in  a  diy  is 
Out  moät  ol'  the  acid  urHeniatcs.  which  have  uutk 
metallic  oxides  for  bases,  arc  üt'ten  insoluble,  cveo  taa 
centrated  luuriaiic  acid.  Tlicse  can  only  be  dccuBfa 
by  Ixtine  pulverised,  nnd  then  boiled  lor  a 
leugtli  ot*  time  with  concentrated  :inlpliiiric  acid  in  a|l 
num  capsule.  Still,  the  boiling  mu»t  nut  Im:  cuntiHi 
long  as  to  drive  away  all  the  sulphuric  ai:id.  Wbcsti 
cooling,  the  mass  is  treated  with  water,  it  conjpU'tdj 
solves,  provided  the  base  be  nut  one  uf  those  wbichi 
insoluble,  or  nearly  insoluble,  compouudü  with  !nil|ti 
acid. 

Decomposition  of  ArKiiirul  Alfoyg  by  ChlanMt  Oat 
\V1ii<n  a  compound  of  reKuline  arsenic  with  other  mrUk 
to  Ih>  examined,  it  is  i^mid  to  operate  by  nieuus  ef 
<:hlurine.  Most  ofthi^  mi-tuls  uliich  alloy  with 
be  separated  cbcrcfrom  by  the  process  unploycd  tu  «| 
rate  uiilimuiiy  fnitu  the  tnetali^  whost:  chloridirs  an 
volatile.  The  description  of  this  pruccds  »ill  Ih-  (tcai 
page  183.  The  n-gulioe  Compound»  of  arsenic  oie, 
eviT,  far  less  easily  deiximposable  by  chLnrine,  thi 
eoniponuds  fonned  by  the  conibinutiuii  ul'  Uiti  suhtbwv 
arsenic  and  antiuiouy  with  other  metallic  aulphurrta. 
method  of  operatinfT,  in  the  dccompouiUun  uf  Hits» 
|iound^  uiU  be  described  in  the  article  on  äulphur.  & 
when  but  a  few  grammes*  of  an  arsenical  alloy  an 
milted  to  analysis,  and  chlorine  ^Ol»  is  nllowinl  td 
during  a  whole  day  over  the  heated  cuin{Kiund,  a  ixtn 
of  the  alloy  still  often  retuitins  in  the  gliuts  bulb  unditO 
posod.     Audubeti,  subsequently,  the  fixed  chloriiW? 


*  A  gmmne  is  n|ual  to  10,4JH  t^ui»  Troy. 
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prtxluccfi  ameiiic^  acid;  non,  unlpburctlril  liyt)ri>Ruii  gas 
pRcipitatOM  arsenic  acid  with  inacli  more  difficulty  Üiaii 
nrwnioiis  iicitl. 

aejiaruliott  from  tht  Ox'tdt»  of  CaJmiitm,  Luiut,  liigmath, 
Citpper,  SUetr,  and  Mercury,  by  iSihydrosvlphuret  of  At»- 
mott'm. — The  oxides  of  nrsenic  can  1m>  tM'parateil  from  (hose 
of  Ci«liniinii,  lead,  Msmtilli,  co|»jier,  silvt-r,  »ml  nuTciiry, 
Ijy  bihydruf  ulplitin-t  of  lUDuifiDia.  The  solution,  if  acid,  is 
rendered  aniinoiiiiuHl,  anil  ii  isiitfiricnt  i|iiantit}M>f  itihydro- 
aulpharct  of  timniiiiiiu  is  then  added.  When  (tiL*  qiiaatitj 
of  arsenic  ia  very  couiiidorablc,  the  whole  is  allowed  lo 
dict'st  n(  a  trcntle  heat  for  n  considerable  time,  an  c\cci^ 
of  bihydfouulpburet  of  aininonin  bein^  added,  tind  lliv  glass 
bclnj;  covered  with  a  fttasa  plate.  But  it  is  bi:ttcr,  with 
Urjrc  qttaniities  of  ursi':nic,  to  upemlc  the  diifustion  al  a 
:tlron)t:<:r  lit;u(.  in  a  niatras»  ctotied,  but  not  quite  Bir-li;;bt, 
ivith  a  cork.  WbcD  completely  cold,  the  insoluble  inet!>Mic 
MlphurctH  are  filtered,  and  tho  precipitate  is  wa.shed  «ilb 
a  mixture  of  water  and  bibjdro»ulphurct  of  aminonia. 
l*lu-.sc  5ulphijrft.s  arc  iinalysed,  for  tlie  piiriHJfiiMif  i-slimat- 
ini/i  the  uxidf»  they  are  eqitivaleut  lo,  by  aiethuds  which 
bare  been  itiven  in  the  precedinj;  sections.  Tho  filtered 
4plDtiou  is  acidulated  by  muriatic  acid,  am)  Ls  lUlowed  to 
^«sl  at  «  ^tetitk-  beat,  until  it  no  loni;er  smells  of  sulphu- 
retted hydrogen;  the  di^-iolved  sulptitirct  of  arsenic  then 
prccipiliiteii.  It  in  tiltiTcil  upon  a  wri;^hrd  filter,  und 
n-cigluHl ;  aito  »liicli,  the  (guauUly  of  sulphur  tt  contain« 
isiiHcertiiincd,  andttiequuiitilyof  arsenic  ia  then  m^koneil. 
TliP  NC {Kimtiuu  of  arsenic  from  the  above-named  ni  tals, 
liy  bibydm<4iilphurcl  ot'aiiimtmi«,  is  not  cflectcd  completely, 
unless  the  insiihiblo  sulphurrls  aru  digested  sufltclvntly 
Inn;*  \iitb  the  bihydro.tulpharet  of  ammonia. 

S^purativJi  from  the  Oxides  of  jMonrjnnear,  Irm,  Zinc,  and 
Cöttiti,  Ay  Jiihydrossipburet  of  Ammonia. — Th«  oxides  of 
arsenic  can,  in  (he  same  manner,  be  separated  from  ibosA 
uf  manganese,  iron,  nine,  and  cobalt,  who»e  sulphiirets  arc 
quilt;  insoluble  in  an  e.\ces8  of  bihydrociulpburet  of  am- 
monia. This  method  is  often  preferred  to  that,  according 
lu  w  hieb  arsenic  is  separated  from  the  above-named  o\ides, 
by  |)assin;!  a  stream  of  snlpbure^tted  hydrogen  gas  through 
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Uic  acid  solntion.  But  in  tbia  case  also,  the  iusolubk 
metallic  !iii]|i)ttirRf.><  muKt  be  prupcrly  ilif^sted  with  ibe 
ritcesK  of  bihydrosulpliuret  of  uuunonia ;  l)ecaase  they  may 
utberwUc  retain  small  portioos  uf  sulphurct  of  arsi^aic. 
When  tbc  «xidos  of  iron  haw  been  thus  M;}iarutt^l  froo 
the  ocidä  of  arsenic,  it  ba)i|}cu3  very  trcqucntly,  that  upon 
distiolvin^'  the  stilplmrpt  of  imn  in  miiriiitir  acid,  vory  Hmiili 
|K>rtioiii;  of  sulplmrel  of  arspnii;  reinaiu  behitid  uiidiKsolTod. 
TbL<4  IS  nfver  tbu  canv,  howiiver,  wheji  the  digestion  «ilb 
bihydrosulphuret  of  aoimoma  is  operated  with  a  pruiirr 
degree  of  uttcution. 

iSrparatioa  from  the  Eartla  anil  Akalies,  btf  Biht/iireaal- 
phuTft  of  Ammonia. — Bjhydrusulphuret  of  ammunia  is  alio 
t-mployi-d  to  srparatv  Ihi;  acids  of  ur!><-Dic  from  thv  eartlu 
and  alcalieä.  Before  the  rcugeut  is  added,  (he  solution,  if 
acid,  mui^t  be  rcodcrcd  alcaline  by  ammonia.  The  sulpbo- 
ret  of  arsenic  is  then  precipitated  liry  niuriatie  acid.  IV 
solution  filtered  from  the  sulphuret  of  ursetiic,  contains  llii: 
earth  or  alcali  se|tarated  from  the  arsenic  or  antaiioii« 
acid. 

St'paraiioR  of  Argeaic  Acid  from  Mctulltc  Oxides  by  Cauttie 
Potash.~lt  is  customary,  wheu  metallic  arseniatcs  ate 
disMilved  iu  acidtJ,  to  precipitate  the  metallic  »Jkidc.«  th«^ 
contain,  by  addin<;  au  excess:  of  cauutic  potash.  This 
mutbud,  however,  ougiit  nerer  to  be  employed,  when 
resuhä  approaching  to  tnith  are  desired ;  fur  even  when  a 
base  can  be  fully  precipitated  by  atcaJics,  either  caustic  iit 
curboDUted,  from  its  solutious  iu  muiiatic.  uilric,  sulj>huric, 
OT  other  volatile  acids,  its  precipitation  cca.>ies  to  be eficcuil 
when,  at  the  .sanin  time,  the  solution  contains  arsenic  acid. 
If  so  much  of  the  alcali  be  added  as  is  sufficient  exactly  to 
^iaturule  tbc  solutiou,  then  the  arseiiiatc  precipitates:  if 
mure  alcali  be  added,  il  alHslrucLs  inilcctl  a  portiou  «f 
arsenic  acid  from  the  precipitate,  but  no  excess  of  alcali, 
however  groat  it  may  be,  is  sullirietit  to  deprive  the  bace 
oral)  its  arsenic  acid.  Consequeutly,  this  metliuU  of  s<|Hi. 
ration  is  scarcely  ever  .successful. 

DecampwUioH  of  Ancuiatat  by  .Xifrate  of  Laut, — Arscok 
acid  Ik  uflen  separated  from  bases  and  quajiiitatii«!/ 
t>sLimated  by  the  process  which  foUuns :    llie  urseoUie  ii 
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diftsnlvcil  in  nitric  aciil,  misc«)  witli  a  solution  of  nitrate  of 
It-ad,  and  cautiously  evaporated  to  drjiicaW :  the  excess  «f 
nitric  acid  i>i  ttm»  cxpeilcd.  and  when  the  mas«  is  after» 
wards  treated  with  water,  (he  arseuiate  uf  lead  rcnmiiis 
undissolved,  while  the  excess  vf  nitrate  «f  lead,  und  the 
base  which  was  previously  ronthine«!  witt  llie  arsenic 
acid,  but  now  is  united  to  nitric  acid,  dissolve.  Tho 
wei^'ht  of  the  arscniatc  of  lead  is  ascertained,  and  Iho 
«[iiantilyol'ihe  arsenir  acid  is  etilrnlated,  too  ^enemlly,  on 
the  xupiMisttion  that  the  ameniate  of  lead  i»  neutral.  This 
Kup|Kt.<titiou  is,  bowe\er,  not  correct.  The  operator  must 
determine  e\|HTiinenfaily  how  much  proloxidr  of  lend  is 
contained  in  the  prceipitatt-d  arseniutc  of  lead.  It  is  aldo 
necessary,  (f  the  quantity  of  the  hase  is  to  be  determined, 
to  separate,  in  the  first  place,  the  excess  uf  prnlnxide  of 
lead  iroiu  the  filtend  Solution.  It  is  easy  to  pi-rc*ive  that, 
flB  was  ohserved  in  a  preceding  paragraph,  this  method 
does  not  dc8ervc  to  be  employed. 

Seftaratian  of  Anmie  Acitifnna  Barytes,  Litnf,  }>trontüin, 
and  pToiojitle  of  Lead,  by  Sutphttric  Acid. — Some  basen 
wiiO!«e  compounds  with  sulphuric  acid  are  insoluble  in 
water  or  in  weiik  itpirits  of  wine,  ran  he  separated  from 
arseuic  acid,  by  the  Ibllowiu;.'  process,  with  great  ease  and 
accuracy.  Hiese  bases  are  baryles,  liiuc,  strontian,  and 
protoxide  of  lead.  Supposing  one  of  these  bases  (»  be 
combined  with  arsenic  acid,  and  the  com|}uund  lo  he  pre- 
«entrd  for  examination  in  the  scdid  form,  it  is,  in  the  first 
place,  (o  1«^  weiirlied.  If  it  contain  water,  it  must  be  heated 
to  r*>dne.ts  before  it  is  weighed.  It  i.s  then  pulverised,  and 
Knhmitteil  to  the  uetion  of  sulphuric  aeid,  wifli  which  it  is 
allowed  to  diRest  for  some  time.  Tliereafter,  if  the  base  \s 
barytes  alone,  water  is  ailded;  and  (hr  sulphate  of  baryieji 
iji  tiltered,  washed,  luul  weiglHtl.  I'mm  the  wciglit  uf  llic 
«ulpbate  of  baryles,  the  quantity  of  barytcs  is  calculatctl. 
The  <|uiintiiy  of  the  arwnie  ueid  is  then  ascertained  with 
great  aceuraey  from  the  loss.  If  the  bust!  is  lime,  slruu- 
lian,  or  protoxide  »f  lead,  then,  nt^er  iJie  decomposition  of 
the  compound  by  sulphuric  acid,  the  niixturtr  is  diluted 
with  sjiiriLK  of  vtiue,  in.steaiJ  of  vtater;  la-caii^c  (he  »ul- 
phttted  of  tlicKc  bascti  are  partiiiUy  ifolublc  iu  water,  but 
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uUscrvtid,  Ibis  mutliod  affords  a  result  will 
operator  oiay  bc^  contented^  ahhou^h  it  is  ■ 
uccurate:  in  general,  honovi*r,  it  ia  only  aboi 
txat  from  tbc  hriiüi. — ^Tlie  itiitinH>iiy  which  raQ 
iti  winirbcd.  Ajt  the  operator  leamä  by  this 
qiiiiiilily  of  aniimony  (Hmtuioetl  in  tti<<  preciptU 
Kuljibtiri'tji,  and  bati,  by  a  previou«  operatioa, 
the  quantity  ofttiilpliur,  it  is  now  easy  to 
of  arsenic  from  the  loss. 

Tim  mctliod  of  s^paratiDs  antcaic  from 
ferablc  to  other  nietbodü  whidi  huve  been  n 
lor  thiti  ptirpuM* ;  for  tliu  rmiiills  afforded  by  ot 
ore  all  oiorc  remote  from  the  tnitli  than  those 
Ibis  method. — It  i»  proper  to  äubhiuu 
arsenic  io  an  atinoäphore  of  hydrogen 
common  distil  la  tion,  a  p^trtion  of  sulphiirt-t  of  I 
no  means  inconsiderable,  would  .subliiuo 
uf  areictiic. 

It  is  »cartcly  uu'tMtary  to  oltsuire,  that/ 
an  experiment  of  this  kind,  Ibc  operator  si 
not  to  inhale  the  arsenical  vapour».     Xho 
of  course,  be  [lerformod  under  a  chiiancj, 
op«n  room. 

It  will  be  immediately  perceiTcd.  that, 
oMthod,  tbc  slijjhtost  quantity  of  untiniuny  at 


hat.^ 


SBPABATtON  OF  ITS  OTIDBft. 


fill 


be  (lisdolvcd  in  aqua  ro|;iA,  or,  if  already  oxidised,  in  mii- 
itetic  nclcl.  Tbc  soIoUun  is  raixed  witli  tartaric  acid, 
diluted  with  vatrr,  and  ospnsed  tn  h  riirmit  of  sulphii- 
TClU-il  liyilnijm  giw.  Thi;  itrccipitate,  thit.i  pruducuJ. 
«»n»iM(s  ol'  siUpburetof  aotiniunyand  sulpfaarvt  of  ttrscnic, 
pravidetl  the  itthcr  mctiUs  arc  not  prccipituMt  from  »cid 
volutions  liy  intitphuretted  liydroi^fu  ga-t.  Tlic  sutution  i.« 
'filtcrtHl  from  Ihc  precipitate,  supersaturated  with  ammonia, 
and  mixed  with  biliydnnsutphiiret  of  ammuoia.  Tbis  pre* 
cipitiitr»  thr  remaining  mctuts;  it  is,  mou-itrrr,  the  oiil^ 
BiclbtHl  by  whicli  they  can  he  precipitated ;  fur  tbu  tartaric 
tirid  nliich  is  present  in  ttie  suhition,  hinders  the  reaction 
of  all  ittbor  precipliants.  Wbut  i»  moKt  diDUnilt  in  Kuch  a 
Imw  ns  this.  Ls  tu  rslimiitr  the  ijuimtity  of  nickel ;  for  it  is 
NMl  kntmn  tliut  thi:  pnrt  ipilutiuii  »f  nickrl  by  biliydro«ul- 
nilniRit  of  amuionia,  is  accomponietl  by  p:fM  tliffii  iiltiot. — 
D  If,  htmcver,  the  metaU  combined  with  the  niitimony  and 
tiTHcnic  are  pr(*cipitabli>  from  neid  dilutions  liy  bihydrasul- 
pboret  o(  aoinionia,  the  »upamtiiin  must  then  be  effected 
by  biliydroAulphurct  of  ammonia. 

ikjmratim  of  t/ic  OxhUx  of  Arsenic  fnmi  eaci  athtr. — 
Tlw  fcepunuionand  quantitative  estimation  of  the  arsetuons 
nnd  iirsciiir  »rids,  when  iKitb  an>  <-oii1aiiicd  u>i;eiher  in  n 
Ntttulidu,  is  i-iiml)iiu-d  wilh  .hulIi  tliilirultius  us  liave  hilliertu 
proved  to  be  insurmonntuble.  The  antcuii;  might  indeed 
be  precipitated  by  »ulphiiretted  tiydnii:(.ii  ^n»,  and  ihi- 
enlphurut  of  arstmic  be  uimlys^d,  to  liiul  ihe  r<:lutivc  equi- 
valent proportions  of  oxygen  and  arsenic;  for  which  tbe 
respective  quantities  apperlainiag  l»  the  arsenions  and 
aifH'uir  acids  mti^it  Iw  calrulateil.  It  niiist,  however,  be 
borne  in  mind,  that  results«  so  obioincd  must  be  fur  vtidc 
of  tbe  truth;  beeausti  l)ic  sulphnrel  of  arsenic  is  always 
«ecompanied  by  free  sulphur,  produeetl  by  l)ie  lU-com- 
im»itiiin  of  the  .sulphitrctled  hydn>j;en  which  exutcd  in  the 
aululion:  liviuur,  tJl  tiic  reckoning  is  Tendered  uncertain. 
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Rfidtictioa  htj  Sülphurons  Acid. — If  (ellurinm  exüblll 
üoliitiim  »K  axnlc,  niid  h  to  he  quantitatively  e«tiMM[ 
tlie  lii'st  rm-lhmi  of  jmireeilinc  is  to  rtHlufi^  il  tu  rlicnrtii 
State  by  sulptiuroiis  ncui.    'Vhe  rptliired  tclluriiim  isllto 
lipon  a  weighed  fitter,  carelully  ilricfl    hy  «-xpoMtirlii 
gvntlc  hcat,  nnd  weisliotl  repeatedly,  until,  nii  fteahi 
sure  to  heal,  it  no  lonper  loses  weight.    lastead  «f  «< 
of  siilplmrous  acid  in  water,  il  is  betirr  to  enployli 
tionnf  sitlphttrof  nmmonia.     If  the  solution  of  tbei 
of  li'lhiriiim  LS  alciiline,  it  is  »riciiiltired  by  niUTiaticW| 
KO  mitch  of  which  must  be  added,  tiiat  the  oude  tniul^ 
precipitated,  redissolve«  in  tli«  excess  of  acid.    TV  w| 
solulion  ifi  wanned  in  a.  m»trass  until   it  jsmiiIt 
little  of  the  eolation  of  sulpliile  of  anuuimia  i«  iIki| 
dually  iLdd4>d  to  the  acid  Kolutioii.     The  tellunainp»?-| 
tates  in  the  form  of  blacl  powder.    The  only  thlnj:  ttufOMl 
to  1m-  purtieulurly  uitciidtHl  to  here,  is,  to  see  that  Arv'^l 
tion  alivays  contain«!  free  muriatic  acid.     If  the 
of  the  oxide  of  tolliiriiiiu  contains  nitric  arid,  tbr  r^| 
afforded  by  the  reducliim  is  untx-rtain  ;   for  the  pilriti 
Kot  at  liberty  duriner  the  prnccu«  can  easily  redij 
portion  of  the  reduced  teljurium.     To  prevent  thi?' 
reiitre,  the  telUiriiim  Mdiiltoii  iiiiist,  previou.s  to  the  adävl 
of  the  sulphite  of  ammonia,  be  cradually  mixe«!  witki 
atic  acid,  and  the  mixture  must  then  lie  couceiimti^H 
evaporation,  till  the  uitric  acid  is  completely  desiiuM 
The  way  to  know  when  the  nitric  acid  is  cxMoplndi  <» 
strayed,  JK  tn  tiike  notice  of  the  smell  of  the  gus  jJMiyf* 
diirinL;  tlie  evit|M)nt(ion :  if  it  have  the  most  dltrtftut  I 
htariee  tu  chlorine,  the  nitric  acid  in  not  wholly  dntni^  1 
The  gas  must  have  the  smell  of  pure  muriatic  acid  tri^| 
the  o|)cration  is  terminated.    The  conccntnttcd  who«f , 
after»nrds  diluted  with  a  little  uator,  and  the 
then  reduced  by  the  sulphite  n(  uniraonia. 

Pmijiitatum  by  Sidpf>iav.ttat  Ht/ttrof/ca  Gom'  Sm^i 
from  the  E^rth»  and  A  IctiOet,  from  the  fJxidt»  a/  J|fn^- 
/njw,   ZAm^  Cobalt,   Nicket,  t/rattiumr  i^c— TTic  cuädt ' 
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lipon  it,  by  cxpiistire  to  an  cxtnTtndy  KfitUr  heat,  until 
tiitry  rvluc  ta  dccTcasc  in  weight.  Wlicn  thcwoif;lit  of  the 
siil]ihiirel8  has  been  dcltiriuiiirtl,  a  portiun  Iboreof,  about 
tlie  ball"  of  the  prcripitatc,  is  shaken  into  a  s'ijw.  Th« 
remaiiidor,  with  tlio  tilt(>r.  Is  again  very  cautiously  wanned 
and  uieit;h«cl.  By  tliiM  luoaiiK  thn  o|»orator  learns  bow 
much  of  ttie  sulpIiiirL-t«  i*  takeu  lor  farlher  exuminatiun. 
The  portion  shaken  into  the  glass  is  very  caolionsly  oxi- 
tlirtcd  by  aqua  re^ia.  Thi»  opfration  is  best  pcrfonuüd  in 
the  manner  desfrib«!  at  pa^c  17Ü,  in  troatirip  of  the  oxida- 
tion of  the  snlphurcl  of  antimony-  The  solution  produced 
by  tlii.1  operatinn  in  mixed  with  tartaric  acid  and  diluted 
with  water.  It' any  . sulphur  prrcipitatrs.  It  mu.Ht  be  tillered, 
dried,  ami  weii;he<l.  The  Mulpburic  acid,  produced  by  tlio 
oxidation  of  the  sulphurets,  is  precipitated  from  tlie  filtered 
inlution  bv  a  itnlution  of  chloride  of  barium.  Prom  the 
weight  of  the  sulphate  of  barytes,  the  quantity  of  the  std- 
plnir  is  <'iilr(ilatrd.  To  this  quimtlty  mu»t  be  added  that 
uf  tbe  sulphur  which  tlie  aquu  regia  bad  failed  to  oxidise. 
When,  by  thia  process,  the  quantity  of  sulphur  contained 
in  a  neighed  portion  of  the  metallit-  »ulphurelB  has  Im-cu 
determined,  it  is  easy  to  perceive  what  must  be  the  com- 
mon weight  of  the  antimony  »nd  arsenic ;  but  «  (iilFcrcnl 
u|MTation  t.H  nix~i'H.sary  to  shiiw  the  relative  pntportioii»  of 
tbe  two  raetats.  Anotlier  iKirlion  of  tbe  precipitated  snl- 
pborets  is  heated  in  an  atmosphere  »(  bydrt^gvn  gii-n, 
precisely  in  the  same  niainier  us  tlie  sidphuret  of  unliiuony 
U  heated  when  the  object  is  to  determine  how  much  anti- 
mony it  contains.  A  minute  description  of  tbLt  operation 
will  l)r  loiiiid  at  page  177.  A  glass  bulb,  on  each  side  of 
which  a  glASd  tube  is  soldered,  is  wcijibed.  It  is  then  tilled 
with  a  suitable  quantity  uf  the  dry  metallic  sulphurels. 
The  glass  tubes  are  then  very  carefully  cleaned  with  the 
plume  of  a  feather,  and  the  whole  is  again  wei^lwd.  Ity 
Ulis  means,  the  quantily  of  tbe  stilpburets  emplnyml  iu  the 
experiment  is  accurutely  determined.  When  the  appamtus 
U  placed  to(.'ethcr  and  H  full  of  hydrogen  gas,  the  glas» 
bulb  is  heated,  al  lirst  gradually,  and  then  more  jwwer- 
fhlly.  The  excess  of  sulphur  of  the  sulphurct  of  antimony 
is  the  first  thing  that  Hies  ofl",  uI'ltT  which  tho  sulphurct  of 
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BnKnic  sublime-^  A  crroat  part  of  the  latter  is  convened, 
by  the  action  of  the  bjrdroseti  j^as,  into  metullic  antraic 
Ctirc  must  be  Inken  to  expel  nil  tbc  sublinialc  fmin  llie 
UiUe,  Uy  applyinfc  the  flame  of  a  small  .spirit  laonp.  It  iff 
very  nwu'ssary  iiol  to  \ieat  the  bulb  too  )>owvrfnlly  or  for 
(ou  ton<;  u  time,  tiirirc  ollirrwJsn  ii  portion  of  untiiuoiiy 
could  bü  drivcu  away  with  the  äiiliüuied  arsenic ;  but  it  is 
ul»t>  Di!c«si!tary  not  to  employ  too  wciik  a  beat,  for  thui  the 
reduction  would  be  iniperfit-t.  \\'ben  proper  care  is 
observed,  this  method  afibrds  a  rciiult  with  which  tbr 
opt^fAtor  may  be  iontmli-d,  ulUiüilti:h  it  ijt  not  pnftcüy 
accurate:  iu  frcnrral,  howcvi-r,  it  in  only  about  a  half  prr 
cent.  I'mm  the  truth. — The  antimony  whidi  remains  beliiod 
'»  ntii;!lu!d.  As  tlie  operator  leanu  by  tliin  proc»ui  the 
(juantityof  aolimony  contained  in  the  prctüpitated  metalür 
8ulpbiirct<i,  und  haH,  by  a  prcrloUA  Operation,  detonninni 
tli€  quantity  of  »ulplinr,  it  its  now  easy  to  lind  thv  quaDtitf 
of  arsenic  fwm  the  loss. 

Thin  metltud  of  separating  arxenie  from  antimony  i^pfl)- 
ferable  to  other  mcLii<xlN  whJdi  have  bci'U  reconuneodfld 
for  Ulis  purpose;  for  the  results  afforded  by  other  mcthoda 
are  all  mi>rv  remote  from  tlie  truth  than  those  ailbided  in 
tbis  method. — It  is  proper  to  tsublimo  the  siil|Aurct  of 
aismic  in  an  ntmotipherc  of  hydrogen  gns;  bccaose,  iD  a 
common  dJKlillation,  a  portion  of  sulphuret  of  antiniooy,  bj 
no  means  incunitiderablc,  would  sublime  widi  the  solphom 
of  arsenic. 

It  is  acaxcely  necessary  to  observe,  that,  in  iwribnainc 
an  cxperbiicnt  of  tbia  kind,  the  operator  should  tide  cue 
not  to  inhale  the  arsenical  vapours.  The  ojK-'ration  mu^, 
of  course,  be  performed  under  a  cliimney,  and  tiut  in  an 
open  nxim. 

It  will  be  imnurdiutely  perceived,  tliat,  according  tothü 
method,  the  slightest  quantity  of  antimony  in  «iulphurvl  of 
arNtiuic  ain  be  more  easily  detected  and  wcifrbod,  than  » 
slight  quantity  of  arsenic  in  sulptiuret  of  aoiimony. 

Anatom  6/  Aüoij$  of  AMimimj  and  Anemic  teith  oüta 
itfi-ta/«.— If  the  operator  has  a  regtdinc  compound  of  arseoio 
and  aittiniony  witti  other  mctalit,  or  n  compound  of  (be 
oxides  of  arsenic  and  antimony  with  other  oxides,  it  mui 
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be  dissolved  in  aqua  rL>^in,  or,  if  olroody  oxidised,  in  mu- 
riatic Bcid.  The  solution  is  mixed  with  tarliiric  acid, 
dilntpd  with  wntrr,  »nd  cxjmscd  to  a  rttimit  (>(  s(jl|>hii- 
rcttud  hydn><:L'it  ^»m.  Tlw  prediiitate,  Ibus  producud, 
coiuiatd  of  aulpfaurctof  antimony  and  uulphurct  of  arsenic, 
prf>vid(-il  the  (>l)it-r  nictaU  iiru  nut  procipitaliJL'  from  iicid 
MiilutioiiK  l>y  Kidpliurvltod  bydn»!*{-n  ^a^i.  Tbi>  solutiim  is 
filterud  fFom  Ibu  precipitate,  sujicrsaturaled  with  animoniii, 
and  mixed  u'ith  bihydruisulpliuret  oi' ammonia.  Ttiis  pru- 
cipitate«  Ihi-  rcoiainin?  tnctaln;  it  'm,  moreover,  the  only 
method  by  which  they  can  b«  precipitated ;  for  the  tartaric 
acid  which  is  present  in  the  stilutiun,  lUnders  the  rrKclion 
of  all  other  prt-cipitaiitH.  What  is  most  di0icalt  in  such  a 
case  as  this,  is  to  estimate  tJie  quantity  of  nickel ;  for  jl  is 
well  known  Üiut  the  prrripitation  of  nickel  by  hihydrasul- 
phiirot  of  ammonin,  is  accompanied  by  great  dißicuitleä. — 
If,  however,  the  metaU  combined  with  (be  antimony  and 
nisenic  are  precipilable  from  acid  xolatirms  by  biIiydro«iil< 
phurct  of  ammonia,  the  .sepuratiou  must  tlitii  be  effected 
by  bihydro.iulpburet  of  ammonia. 

S^amtioB  of  the  Ojc'uUs  of  Arsenic  from  «ach  ufhtr. — 
The  dcpamtion  ami  quajititatire  estimation  of  tbo  arseniooä 
and  arsenic  aciiLi.  when  lH)lh  »re  cimtaininl  tci^elher  in  a 
soluüoii,  iü  combined  with  such  diiltciiltiu«  us  have  hilborto 
proved  to  Ix:  insuntmuntablv.  The  anücnic  might  indeed 
be  prcciiHtate^l  by  aulpburelted  bjdroi^ea  ^^,  and  Üio 
sulphuTct  of  arsenic  be  aniilydcd,  to  lind  the  relative  <n\nx- 
Tolonl  proportion»  of  oxyfifen  and  arsenic ;  for  which  üie 
respective  quantities  appertaining  to  the  arsenious  aad 
ar»cnic  arids  might  be  riiiculuted.  It  must,  however,  Iw 
borne  in  mind,  that  result^i  so  obtained  must  be  far  wide 
of  the  iTUth ;  because  tlic  siilphuret  of  arsenic  is  always 
acconipaiiie«]  by  frei.'  siilpbiir,  |>riMlured  by  the  dccoio- 
positioQ  of  the  sutphnn^lted  hydrogen  which  existud  in  llto 
solution :  hence,  all  the  reckoning  is  rcndeicd  uncertain. 
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Rrducttan  hy  Sniphurous  Acid. — Tf  telliiriuni  exists  in  n 
mtinliun  as  oxide,  und  b  to  be  quantitatively  e^sLimaleil, 
ibe  IhssI  method  of  procrcdiiiff  is  to  rodiico  it  to  tiic  metallic 
.slutc  Ijy  siilphtmms  arid-    The  reduced  tclluriuni  is  filtered 
u\nm  It  wci|;hed  filtpr,  cnrt^liilly  dried  by  i!X]Ku;tire  to  a 
^ntlo  heat,  and  wei<rhed  re|>eatedly,  until,  on  ^rvAi  eip«<- 
surcto  heat,  it  no  kinder  loses  wei;;ht.    Instead  of  asulation 
of  sniphurotifl  add  in  water,  it  is  better  to  employ  a  sola- 
tion  of  snlphite  of  ammnnin.     If  the  Solution  of  the  oviili^ 
of  telUiriiini  i.s  aJr.iline,  it  is  acidulated  by  muriatic  acid; 
so  much  of  which  rcaisi  ho  added,  that  the  oxidn  at  fint 
precipitated ,  recli.ssolve-s  in  the  excess  of  acid.     The  acid 
ttolution  is  wanned  in  a  matrass  itntil  it  fcntly  boils;  a 
little  of  the  solution  of  sulphite  of  ammonia  is  then  r^- 
dually  added  to  the  acid  solution.    Tlie  tellurium  preiipi- 
tates  in  the  fiirm  of  black  |Km*dor.    Tlie  only  thiti^  re<)uiniii! 
to  be  particularly  attended  to  here,  is,  to  see  that  tlie  »rfu- 
ÜOD  always  contains  free  muriatic  acid.    If  the  Milution 
of  the  oxide  of  tellurium  contains  nitric  acid,  the  result 
afforded  by  the  redaction  is  uncertain;  for  the  nitric  and 
set  at  liberty  durintr  the  process  ran  easily  rediesolvr  a 
portion  of  the  re<luced  tellurium.    To  prevent  this  occur* 
renee,  the  tellurium  solution  must.  preWous  to  Ibe  additimi 
of  the  sulphite  of  ammonia,  he  ^adually  mixed  witbmuh- 
atic  acid,  aiid  the  mixture  must  then  be  concentrated  by 
evaporation,  till  the  nilri<'  arid  is  cnmptetely  deslniysd. 
The  way  to  know  when  the  nitric  acid  is  completely  d«- 
Atroyud,  is  to  take  notice  of  the  ümcll  of  the  gaR  disenjra^ed 
durins.'  Üie  evaporation :  if  it  have  the  most  di.stitiit  resem- 
blance to  chlorine,  the  nitrie  acid  is  not  whully  destroyed- 
The  ^a.4  munt  have  the  smell  of  pure  muriatic  acid  bcEoiv 
the  operation  is  terminated.     The  concentrated  solution  is 
afterwards  diluted  with  a  little  water,  and  the  tcllurium  is 
then  reduced  by  the  sulphite  of  ammonia. 

Prtripitntion  Ay  Sttlphurfteed  Hyttrogen  Gal ; 
from  the  Eitrthx  und  A  ivalivs,  frutn  the  Oxide»  of 
Iron,   Zinc,  Cobalt,   Nickel,   Uranium,  ^. — ^Tbe  aside 


Hmmouia,  to  ckcoiuiioii  llic  redaction  of  tlic  selenium.— But, 
as  the  bu^iCK  ftbOTC-iuuDcd  or«  not  reduciblv  by  sulpharou^ 
uriti,  it  is  often  n  better  plan  tu  preiipiuite  tb«  .svlviiium 
tmm  lilt-  ui-id  .solutiun  by  stUpbili;  ol'  umiuoiiia,  iiiKti^ad  at' 
by  auJphureticd  bydrogeti  gas,  atul  itien  to  estimate  the 
other  »ub^tanicä  in  the  liltcrcd  solution. — When  tlie  »ul»- 
staiwes  arc  cumbiju-d  in  the  rvgultnt  state  uith  Mleniiuu, 
She  (wmpound  is  dissolved  in  heated  nitric  acid  or  aqua 
k«gia.  Tbe  metals  are  much  t.-arlier  oxidised  than  the 
■dmium ;  hut.  after  u  long  di^eütinn,  the  latter  lilLc-wisi'^ 
«lisMjlvejt  eouipldtely-  Before  tlic  »ulpbile  of  lunmouiu  i» 
added  to  the  solution,  the  nitric  acid  inuitt  be  destroyed  by 
CDU  du  tic  acid. 

Hepamtiua  of  Seienic  Acid  from  t/u-  AlcaUes  and  Earths, 
tmd  from  thr  Oxida  vf  Man^nnfw,  Iron,  Zinc,  Cobalt, 
JViclul,  t^^. — When,  ituttcad  of  selenious  acid,  it  is,  on  the 
(xmtrary,  sclvnie  acid  which  is  combined  with  the  iilcollcs, 
earth«,  and  aborc-nanicd  metallic  oxides,  then  the  separa- 
tion of  the  seleniaiu  ciin  lie  efl'eete«!,  neither  by  sulphurous 
acid,  nor  by  sidphun-tted  hydrogen  gajt;  since  iKiih  of  ttwse 
rca|:cnls  arc  without  uction  on  sclcnic  acid,  la  -that  case, 
tbc  solution  mut>t  either  be  boiled  with  mujiatic  acid,  till 
the  selenic  acid  is  reduced  to  ««Icnious  acid;  or,  what  is 
l>eitcr,  the  £«lenlc  acid  must  be  directly  precipitated  by  a 
Nolation  of  nitrate  of  Intrytes.  The  quantity  ofthesclenlc 
ttcid  is  rerkuned  from  the  weltrht  of  ihr  pn-cipituted  S(*Ic- 
uiute  of  biiryti-.s. — When  Ih»;  si-lriiiate  to  he  iinaly-wd  is 
insoluble,  both  in  ucids  and  water,  such  as,  for  uxiunplc, 
Uie  .wlrniute  of  bürjics,  il  must  Iw  treated  with  muriatic 
ueid,  when  boiled  uilh  «Iiieh,  ihi-  seleiiic  aejd  is  rt-diiced 
to  $t;lcniou5  ucid.  A:*  tbe  selcnites  which  arc  iusoluble 
In  water,  »re  s<duble  in  acids,  the  redurtioiiof  the  in.soIuhle 
orscniale  to  urscaite  is  completely  tfiected  when  the  com- 
pound has  dissolved  in  tlK*  uiurtHtic  acid. 

Sr^irntiun  frtun  Cadmian,  Laid,  Bismuth,  C4tj}ptT,  SUtvr, 
Mereuiy,  Maagimtu,  iron,  Zinc,  und  Cobttlt,  btf  Blhydrosul- 
'  '  t  of  (Unt  "^^"'f  tbceompnuncl  for  analysis  contains 
um  in  Ion  nith  metals  whose  oxides  are 

twtutiou.'i  liy  sulphuretted  hydro^^en 
m  ly  Ih:  eAc4-ti>d  by  the  folluwjnf*  pro* 
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acid,  it  in  impoiwible,  accnnlinfr  to  MiTFCHHRi.icH{Poit- 
gendorpf'8  AmiaJcn,  B.  ix.  p.  630),  to  eJTect  its  redodiai 
by  siilphnrous  aciO.  The  äotution  must  then  be  ktpl 
boilinp  with  moriatic  acid,  till  it  ceases  to  pve  out  cM»- 
rine.  The  selcnic  acid  is  rt'diict'd  by  thu  muriatic  xridn 
selenious  acid,  which  can  be  reduced  to  selenium  bvtik 
phurous  acid  or  sulphite  of  amnioniu;  a  suliitinn  of  either« 
the  latter  bein?  ^idually  midrd  to  the  acid  Kolutlon.— Alil 
ia  difficult,  however,  to  reduce  the  last  traces  of  aelMit 
acid  to  seleniouM  arid  by  muriatic  acid,  it  is  better  toeftn 
the  «stimatioii  of  seleuic  acid  by  precipitatins  it  withi 
solution  of  nitrate  of  barjtes.  The  substance  thas  prro- 
pitatcd  is  »cicniatc  of  barytt-jt,  which  is  oa  insolnlilr  ii 
diluted  free  acids  as  sulphate  of  barj-tes.  "Wlien,  tkm- 
lore,  H  solution  contains  a  si'leniate,  it  should  be  aciddati' 
by  nitric  acid,  and  acted  od  by  a  solution  of  nitialetf 
baryte-s.  The  resulting  seleniale  of  biiryten.  like  the  öl- 
phate  of  barytes,  must  be  ipnitcd.  It  is  ai"tcn%-fiTda  w«ieM; 
and  the  quantity  of  the  selenic  acid  i»  calculated  fmin  tW 
weij^ht  of  the  «ek'niate. 

Precipitatvm  of  Seleuwvs  Acid  by  Sittpfmretf.ed  ffydnfB 
Gas:  SeiMtration  of  SelejiiuuM  Acid  from  the  Earthx  ai 
Alaiiiet,  and  from  the  Oxideti  of  Mangattfrge,  Iran,  Zu, 
Cobalt,  Nickel,  ^e.— llic  sclenioas  acid  is  precipitant 
from  acid  solutions  by  sulphuretted  hydrogen  (;^s,  alToiriä| 
a  yellow-coloured  jtalplinrct  of  selenium.  ^V^len,  thewÄK. 
»eleniiim  is  contained  in  a  solution  as  srlcnious  acid,  i> 
can  be  very  easily  separated  by  .sniphun*ttcd  hydrogtt 
gas,  from  the  alcuiies  and  earths,  and  rrona  the  oxideicf 
tnanganc'se,  iron,  xinc,  cobalt,  uicke),  Sic.  The  prcripilrird 
sulphuret  of  selenium  is  taken  from  the  filter,  while  slil 
wcl,  and  trcntcd  with  nqiin  regia:  it  must  lie  illgntol 
therewith,  until  the  sctenium  is  completely  diasolved,  ui 
only  an  vxtremcly  .tmall  portion  of  sulphur  remain«  UDlttt- 
solved.  It  is  better,  however,  to  efl'ecl  an  entire  sotati« 
by  means  of  fuming  nitric  acid;  for,  it  is  posKible  for  lb 
undisKolrod  Kulphur  to  retain  a  portion  nf  .selenium.  IVr 
solution  must  aftemards  be  di-;;cstcd  with  muriatic  aci^ 
till  lite  nilric  acid  is  eompit;tcly  dcRtroytKl.  It  tavst  liwn 
be  diluted  with  a  little  water,  und  treated  with  sulphite  of 
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amouiuia,  to  occasion  tfae  reduction  of  the  xelemum.— But, 
as  tbc  boACA  above-noincd  arc  uot  retluclblc  by  sulphurous 
acid,  it  is  often  a  better  plan  to  precipitate  tbc  sclcoitun 
fVüui  llic  acid  tiolution  by  hulpbite  of  ainiuonia,  instead  of 
by  jiiilphuivtted  bydro|rcn  ffas,  and  then  to  estimate  ilie 
other  substances  in  the  nilcrcd  solmiim.— When  tbu  sub- 
ätiUiciLi  »re  coinbtnisl  in  the  rc^itinc  stute  »ith  selcuitun, 
the  oomjHiuud  121  diäs4>lYt.-d  in  heuled  nitric  acid  or  aqua 
reKJn.  Tbu  uiutubt  arc  niucb  earlier  osidiaed  than  the 
üelenium;  but,  after  a  loni;  digi-stion,  tlie  latter  likewiso 
(lisiioKes  eiiiuplflely.  Before  the  sulphite  of  ammonia  is 
udded  to  the  solution,  tbe  uitric  acid  must  be  destroyed  by 
niurialic  acid. 

He/Ktratum  of  ScUnic  Acid  from  the  AlcaUet  ana  Eartitf 
and  from  the  Oxides  of  Mtittgn^tese,  Iron,  Zinf,  Cohalt, 
^ietut,  ^, — When,  instead  of  selenious  atrid,  it  is,  on  tho 
(:)ontriiry,  .icliinir  iicid  «hich  tx  rombined  with  tbe  alculics, 
earth«,  and  above-named  metallic  oxide.H,  tben  ibe  separa- 
tion  of  tlie  seleniam  can  bo  rßccted,  neither  by  sulphurous 
acid,norbysulpburettedliydr(^'cnK«s;  »iucc  b*ith  oJ'tlwsc 
reaji^ents  are  without  action  on  seteiiir  acitl.  In  that  case, 
the  solution  must  either  be  boiled  with  muriatic  acid,  till 
the  selenic  acid  is  reduced  to  selenious  acid;  or,  what  is 
ttcltcr,  the  selvnic  ucid  uiu^l  U-  directly  pn^ijiiLaled  by  a 
solution  of  nitrate  of  barytes.  The  quantity  of  tbc  scknic 
ucid  is  ri'ckomHl  from  the  weit;ht  uf  the  pnK'ipituied  selc- 
niate  o(  baryteit. — "When  the  selomate  to  be  analysed  is 
in.soluble,  both  in  acids  and  water,  such  as,  far  example, 
Uie  selcniatv  of  barytes.  it  must  be  Incited  with  muriatic 
acid,  when  boUal  with  which,  the  selcnic  acid  is  reduced 
to  selenious  acid.  Aü  the  seleiiites  M'hicb  are  insoluble 
in  water,  are  soluble  in  acid<i,  the  redurtioii  of  tlte  insoluble 
arseniate  to  arscnite  is  completely  ejected  when  the  com- 
pound has  dissolved  in  the  muriatic  acid. 

Separation  from  Cadittiuai,  Leady  Hittnutk,  Cvpptr,  SUeer, 
Mfreary,  Mauganne,  Iron,  Ziiir,  and  Cotmlt,  kff  Bihydromtt- 
phurel  af  Ammouia. — If  the  comfHtund  for  aiuüysls  contains 
»eleuiuiii  in  combination  with  metals  whose  oxides  are 
procipitatile  from  acid  solutions  by  sulphuretted  hyilrogcn 
gas,  the  separation  way  be  effected  by  the  follo^-iog  pro- 


9t8  seLutJiuu. 

neia:  Metals  of  UiU  description  are, — mdmiumT  Ind, 
bigmath,  copper,  silver,  and  mercury.  'Ilic  campoand  ti 
fUHSolvrd  in  nitric  acid  nr  nquanT^in;  the  »(»lution  iswifM^ 
ftittiiratr<l  with  iimtnonia,  aud  thiro  acted  ou  by  bibjpA^ 
Bulphiiretnl  iitnmnniu;  thrreupim,  lhcKii]|>liiirct  of  MleiiM 
dijiSidvfs,  while  the  sulpburets  of  ihe  other  metals  are  fh 
cipitated.  This  method  of  separatinff  selenium  from  dr 
above-Dnmcd  inctals  is,  in  niosl  auiesi,  prcferdhlc  to  AM 
by  racanii  of  suiphurouu  acid;  because,  several  of  tk 
oxidps  of  these  metals  are,  a»  well  as  selenioiu  vH, 
capable  of  being  redueed  by  sidphiirntis  arid.  When  4r 
Mi^Ionium  is  combined  with  lead,  with  which  it  freqocntlf 
occurs  in  natarc,  tJic  compound  can  be  analysed  bf  » 
other  means  than  by  bihyiln>AiiIphuret  of  aiuiuonia.  Für, 
if  thv  proloxiOc  of  k-ad  be  precipitated  from  the  sulatiMri 
the  selenimret  of  lead  in  nitric  acid,  by  the  addiiit»  d 
c^irhonate  of  ammonia,  the  prrcipilate  alivaya  coDtahui 
portion  of  »deniuiis  arid,  eveu  nbeu  a  loTKrc  excess  of  At 
precipitant  has1)een  applied.  And  when  the  protoxide  <f 
load  is  pnic-ipitaicd  from  a  aiiuilar  äoluiiun  by  sulpiwric 
acid,  it  is  nece&sary,  if  the  operator  wishes  to  obtaiaihr 
entire  quantity  of  tlie  sulphate  of  lead,  to  cvaponu  tW 
solutiiui  to  dryacHä,  and  to  expose  tJie  <trv  mass  to  beil. 
until  the  free  acid,  l>oth  seteaiouä  and  sulpliuric  acid,  hv 
be«u  completely  driven  away.  By  ojteratini;  in  tbftt  hmh 
ner,  iberefore,  the  quantity  of  the  selenium  cannot  h 
determined.  It  is,  likewise,  impos.^ible  to  prpripilHir  ife 
»rienium  by  iiddin»  sulphuruu^  acid  to  the  solution  nf  Ml^ 
niarct  of  lead  in  aqua  rcf^ia;  brcau.sc,  although  a  iwrti« 
of  reduced  selenium  in  thrown  down,yet  it  is  accompanid 
by  .>i4>leaitc  of  lend  anil  sulphate  nt'  lead,  so  Chat  itsestlBi- 
lion  iu  this  manner  cunuol  be  elfected. 

In  the  analysis  of  seleuiurct  of  lead  by  bihydroAtdpbant 
nf  nmmoDia,  the  operator  pro<^ced.>i  in  the  name  nianneroi 
in  the  Ne[)iiration  of  antimony  and  arsenic  (runi  tJlul  motiL 
Tbc  detailed  description  of  (hJK  o]>er.ttion  xnay  be  MO)  ■! 
pages  IHl  and 'i(l3.  Allliuiieh  the  sulphuret  nf  -telniia 
easily  dissolves  in  bihydrosulpliuret  of  nnmimiia,  it  is, 
nevcrtbcless,  proper,  after  having  snperaaturated  the  «Jt- 
tion  with  Bmmon)u,io  add  an  excess  of  tlie  bihydrotialplunt 
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I  of  ammoaia,  and  to  allow  the  nholc  to  fügest  with  heat 
I  for  a  conäidcrahle  time.  The  undissolved  metallic  siiU 
I  phuret  is  then  tUtered,  and  washed  with  water  mixed  with 
f  bihydmtiiilphtirrt  of  ammonia.  The  quantity  of  lead  ron- 
I  tuimül  in  ttiv  Hulphiirut  ix  determined  1)}'  the  iaethod.4  irliith 
,  bavt;  been  already  de^icribcd. — The  solution  ufiiclcuium  in 
bihydnKtiil|)huret  of  ammonia  is  acidulated  by  muriatic  acid, 
wlu'reujHtn  iho  sul|>huret  of  selenium  proci|>itatc«.  Tho 
fuiliition  is  wanurd  until  it  no  longer  smetls  of  :>ul|ihiiretted 
faydn>!ix'n  gas,  upon  which  the  siilptiuret  of  selenium  is 
fdlcrrd.  'JTie  prei-ipilaic.  while  slill  nioisl,  is  nxidised  by 
aqua  recia*  and  the  «eleoium  is  reduced  by  sulpliitc  of 
ammonia,  in  tbv  manner  described  above. — When  mercury 
is  separnlrd  from  selenium  by  tJils  process,  the  solution 
couliiiniiii;  ihe  .sulphuret  uf  selenium  niiist  not  Iw  tillered 
fnim  Uic  sulphoret  of  mercury  till  tliu  whole  has  liei-omv 
completely  cold.— M anfielt ne^c,  iron,  zinc,  and  cobtjl,  can 
also  be  separated  fruni  neleuium  by  the  opcrutiou  hero 
dvticribfd. 

SrpartUtoH  nf  Selenie  Acid  frvta  ifrtnUic  Oxutes. — When 
(be  metaltir  oxideti  whirh  arc  preripitablc  from  acid  sulu- 
lion-t  by  sulpliitrctted  hydrt^-ii  cas,  are,  im  the  citntrary, 
combined  with  sclenic  acid,  their  analysis  may  l»e  pro- 
iMeded  in  as  follows:  The  compoiuul  for  e\itniiiiaticn 
must  be  dissolved  in  water,  if  it  bo  soluble  tJicreiu,  and 
the  solution  obtained  be  sulmiitted  to  the  action  of  a  sola- 
tioti  of  nitrate  of  barytes,  which  produce«  a  precipitate 
of  seleniatc  €>f  barytes.  Bat  it  is  aUo  possible  1o  preci- 
pitate the  metallic  oxides  in  the  state  of  metallic  sidplmrets, 
by  sulphuretted  hydroi^n  gas,8incc  this  gas  does  not  con- 
vert ihr  si-lenic  acid  into  sulphitrct  of  selenium ;  the  selenic 
acid,  thrrt^forr,  rrmnins  di.'^solved,  and  can  be  estimated  Jn 
thcsolntion  filtered  trotn  the  insoluble  sulpburots.  Tbc  latter 
meihiKl  is  piirtindarly  proper  to  Im*  employed  in  Ihe  ana- 
lysis of  such  seb'i  limes  as  an;  iiisululde  in  water,  and  wbirh 
have  bases  wbieh  c^ao  be  amverted  into  metallic  suljibureta 
by  sulphuretted  hydrogen  gas:  the  seleniatc  of  lead,  lor 
example,  is  a  subslanc«  of  this  description.  When  Ulis 
compound  is  to  be  analysed,  it  is  mingled  with  water. and 
a  current  nr.Htilplmreiled  hydroicen  f^as  is  parsed  through 
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Iho  mixture  as  loi^  aa  it  coDtinucs  lo  be  absorbed.  1\i 
liquor  im  then  Altered:  the  salphurct  *>(  lend  reaaiuii 
the  Alter;  ilic  sclcuic  add  is  dissoived  in  the  äUni 
»olutioB. 

SeparaCimi  of  Seleninm  from  Metals  by  f.'Alttrine.-^tii 
Heparation  of  selenium  from  metals  can  alsu  be  cxtiemdj 
well  effected,  by  Icadinur  chlorine  gtks  over  the  ctimpiNii 
and  distilling  by  ticat  the  volatile  chloride  of  soiniOB 
from  tbc  ftxud  metallic  elUorides.  The  seleuinrcu  at 
much  better,  and  in  far  shorter  time,  decomposeil  Ij 
chlorine  i^K  (liiin  the  aiitimoiiiurets  tiiul  urscninret)).  lb 
method  of  anatysiiig  (he  rt('lt.'muTL-t»  in,  tliextrforc,  tnudil* 
b«  recommended.  The  apparatus  employed  for  thii  |» 
)K>!te,  Is  ftuch  AS.  in  represented  at  pa};c  77.  It  is  pnps 
that  the  glass  tube  Kohlvred  to  llie  flasti  balb  r,  aad  kM 
atarightoD^le,  benot  of  toosmall  a  diameter. — Aw«i|iU 
imriion  of  the  sttkniurct  in  placed  ia  the  bulb  r;  andwiM 
(ho  (i]>paratiis  is  placed  together,  and  is  tiUl  of  cUmb 
gas,  (he  selooiuret  in  the  bulb  is  heated  by  the  snnlbi 
Hämo  which  can  be  produced  by  the  spirit  lamp  witli  äodk 
current  of  air.  The  chluridc  of  selenium  inimedialelybc^ 
to  volatilize.  At  tirst  an  oran^-ycllow  oily  liquid  appcta 
tvhich  is  the  protochtoridc  of  fivlcnium.  Thi.s  runadnt 
the  tube  into  tlio  flask  h,  one-third  of  the  capacity  uf  vbU 
is  tilled  wi(h  water.  The  protorhloride  of  seleoinmi« 
decomposed  by  the  nater,  and  ^teleaiiim  is  precipitateL 
The  chlorine  wliich  afterwards  passe«  into  tbc  solMia 
redissotvcs  the  f<Teater  part  of  the  precipitiilcd  sclcainii; 
yot,  a  «mall  portion  of  the  selenium  often  remain«  in  Unit 
lumps  at  the  bottom  of  the  flask.  Siiltsoqiiuntly,  it  ii 
the  pcrchluride  of  .sulrniiim  which  i.s  prtuluced.  This 
den»e.t  in  tlie  bent  t;la.-i.s  tube;  and  if  tlu-  labc  be  of  U 
small  a  diameter,  is  liable  to  stop  it.  It  is,  of  vo\ 
necessary  to  drive  the  sublimed  percbloride  of  seli 
verj'  frequently  to»ardü  the  Hask,  by  applying  to  tl)e 
the  0amc  of  a  small  spirit  lump. — TUc  scleniurets  ai 
easily  di'compose<l  by  chloriuc  ^n,  that  alt  tlie  sei 
contained  in  a  portion  of  the  compound  of  aoinc  f; 
^1  weight,  is  completely  converted  into  chloride  of  seic 
*  A  gnmtniT  ü  rqital  Ui  15-434  f^iiit  Troy. 
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iiinin  in  the  course  of  an  liour.  Wlien  tbf  pcrcbloHde  of  '' 
selcniiiiii  1ms  buvit  driven  n-i  Tar  aa  pcwuilil«'  from  tbv  ^latis 
bulb  by  taeati»  of  the  Hatnc  of  a  small  spirit  lamp,  and  no 
nrw  pcrchloridc  of  selenium  ran  be  seen  to  pass  from  the 
hull)  into  the  tube,  Ihe  operntion  in  enilcd.  The  bulb  is 
then  ultuMetl  to  cool  gradually;  wtwu  it  lü  eold.  that  part 
<»f  the  tube  in  whici)  a  portion  of  pert-bloriile  of  selenium 
still  nitimimt,  is  rut  olT  with  u  .iliaqi  lilo,  ctntl  allowed 
in  drop  into  tlic  Hank  k,  whieh  luui^t  be  instantly  cloricd. — 
The  metallic  chlorides  which  remain  in  the  bulb  an*  to  be 
subüequcntly  onaly^ed  aHcr  tnelhodd  which  tiavc  been 
already  described.  When  lead  »lone  wan  romhinfd  with 
liu>  Sflcjiinm,  it  is  suOirient  to  weigh  the  plaKS  bulb,  lifKl 
vrlth  the  chloride  of  lead  nitbin  it,  and  afterwards  by 
itself,  whereby  the  quantity  of  tho  chloride  of  lend  ift 
readily  QNccrtainctl.  Hut  >vhcu  copper  in  present,  it  in 
unless  to  ascertain  the  weight  of  the  chloride«.  If  the 
compound  roniiiineil  iron,  a  portion  of  pcrrliloridc  nf  iron 
will  be  fimud  nilli  the  ll\ccl  cliloridc:«,  but  uiiolbL-r  jHir- 
tJon  will  have  been  ttublimod  with  tbe  perchlorido  of 
scleniiun. 

The  solution  in  ibu  flask  k  is  exposed  to  heat»  to  rola- 
tilÜEC  the  free  chlorine.  Muriatic  acid  is  then  added,  and 
the  seleniiini  h  preeipitatcd  by  sulphite  of  ammonia. 
\ulwith.standiiii:  thr  readiness  with  which  the  precipita- 
tion of  Aclrnium  is  rflcctcd  by  sulphurous  acid  in  solutions 
of  selcnious  acid,  yet  this  precipitation  is  effected  with 
jast  an  much  dilliculty,  uhtui  a  Koliition  of  pcrchloride  of 
selenium  in  water,  has  liecii  cxiHwed  for  a  lung  time  tu 
the  action  of  a  current  uf  chlorine.  Upon  addin;;  sul- 
phurous acid  to  a  solution  of  .selenious  acid,  a  ciunnWr- 
rcd  colour  is  produced  in  a  few  moments;  but,  upon 
addine  sulphurous  acid  to  the  solution  of  perchloride  of 
selenium,  it  is  very  coniitiun  to  obtain  no  precripitate  what- 
ever. It  must  be  iulvrred  from  Üiis  fact,  tliat  selenic  uc-id 
bas  been  produced.  It  is  only  by  a  lon^  cuntiuucd  iMnliut; 
vith  muriatic  acid,  that  the  solution  can  be  brought  into 
such  a  state  as  to  admit  of  tlic  complete  reduction  of  tiie 
seleriiuin  it  contains,  by  sulphite  of  ammonia.  The  lir]uid 
altered  from  tlie  reduced  selenium  mu.it  lie  preserved  for  a 
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coutiiilcralilo  tim«,  ibcn  iKiited  »frcMti  with  munnticidi 
and  n^aiii  acted  upon  hy  «ulpliile  of  ammonia :  the  abpa 
Ol'  thü  !>ccond  proccAü  id  to  uM^crtain  whether  aU  ibe  ■tl^ 
nium  hftK  Ikcd  reduced  by  th«  first.  Whrn  the  «deaiw 
contained  iron,  Ihc  cjiiantily  cil"  the  perchlon'de  nf  im 
wbirh  dLsiillcdovcrwilb  the  pertliltiride  of  Mclnuium.!!« 
be  eslimalcd  in  the  liquid  tillered  Irom  tiie  prccipiDMri 
«elonitiiu. 

Sfjtarativn  from  lie  Oxides  of  Telhtriimtf  Artenie,  Ati- 
many,  and  Tiu. — There  are  ccrUUn  mctnls  whicb  ru  k 
prwiiiitatcd  frntn  acid  »oliitions  by  .stilphiirrtted  hydrapt 
fra.1,  but  affurd  Kulpbumi:«  tbut  arc  .st>)ultlc  in  hihydracil- 
pburet  of  animonia.  Tbe  sepuralion  of  »cIcnimD  itm 
rtuch  metals  an  these,  n»is:ht  Ik-  cffc-ctcd  hy  convertia^tk 
setcuiuni  into  self  nie  acid,  which  remitjiis  iinnlirrvdh 
}iulphuretted  hydrovfen  %i\fi,  hut  ndntits  *»\'  the  prpciptUM 
of  the  arcoiTipanyini!  mrlalh.  Magnis  CrnaiisiinJ  Uk 
.fcrtutioii:  tie  TtllaTui,  p.  12)  h:is  prnpiiscd  the  fuUnwiv 
operation  for  äcparatin»  Kelenium  from  tellurium  u4 
nTsniic:  The  roinpound  iü  incltvd  nitfa  nitrate  of  pAtaA. 
ill  a  small  porcelain  captiuU-  over  the  spirit  lamp  niik 
double  cummt  of  air;  the  result  afforded  by  this  openiM 
is  a  mixture  of  oxide  id'  Idhiriimi  ronihitied  with  pomk 
with  nrseniate  of  pulufib,  and  M^lviiiatc  of  potash.  Bt 
melted  mass,  nHor  beinfi:  di.t.<iolved  in  water,  could  be  snd- 
ulated  hy  an  arid,  whicb,  liimcver,  maxc  nut  be  nuhabc 
acid,  Hnd  then 'Im  KuhJetHcd  to  the  action  uf  a  rurrent«' 
Nulphiirrtled  bydro-ren  ^14;  by  this  meanä,  ilie  trllitnn 
und  ar^euic  would  be  se-pamtcd  by  prccipitatiuu  froaaf 
selenium. 

Sfpiiratian  of  Sff^e  Arid  from  Selenious  AcitL — Tkf 
ro«peetive  ijuantitirj«  of  Kelenic  arid  and  Kclcmuius  add, 
when  both  occur  in  the  same  solution,  can  be  very  carif 
cKtimalitl.  The  qiuuility  of  the  setenioiis  «cid  is  tint 
determined,  hy  operatiaR  either  with  sitlphureUcd  hydrasM 
pa  or  auljAuruuti  acid ;  after  which,  the  aetvnic  acid  if 
estitaated  »»  »eleniale  of  harylex,  or  it  can,  instead,  ta 
n:diiccd  to  .seleniuu.s  acid  by  the  action  of  nkuriatic 
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Qminlilatire  Ettimativ»  of  Sulphur. — 'f\\c  quantilativo 
detorminatiou  of  ituiptiiircan  be  ellected  with  the  ^i^alcst 
acrurary :  Ibc  0{>pr!ititr  ronvvrts  tlie  Nu)|i)iiir  iiitii  sulphuric 
nt'iti,  prcci pi LaiCK  thr  m  id  by  a  »alt  ul'  U»r)r'lr*(,  und  n-rktins 
lh(!  ((imntity  of  sulphur  from  the  wci^t  of  the  sulphate  of 
linryli's.  To  this  eud,  the  »iilphuret  is  trommonly  diiccsled 
with  nitric  acid  or  aqua  rcffia:  it  then  becomes  oxidiDod. 
and  18  disoolved  in  the  acid.  ITic  sulphur  is  converted  by 
the  excess  of  acid  into  salfdiuric  acid,  and  never  into  axxj 
liiwer  oxide  of  sulphur.  The  complete  convertion  of  the 
sulphur  into  »ulpliiirir  acid  requires,  however,  n  Innre 
quiiQtity  of  acid,  aud  a  very  lon^  digcntion,  assiütcd  by 
hcnt.  In  alniOHt  all  euHes.  the  niclal  which  is  combined 
with  the  sulphur  is  oxidised  niurh  sooner  thnn  the  .sulphur 
it.M'U';  the  »hole  quantity  of  the  resultinit  mrliiUir  oxide  is 
Rrnerally  dissolve«!,  while tlic f^n-ater  part  iif  the  sulphuric 
still  undissolved.  The  latter  exhibits  itself,  afler  a  long 
di^'e.>iliou,  in  the  form  of  hart),  yellow  lumps;  and  itften, 
after  a  short  digestion,  lies  upon  the  bottom  of  the  vessel 
in  the  »tiilc  of  a  yellow  powder.  Since  tht;  p«-rfect  oxida- 
tiua  of  the  sulphur  miuircs  too  lonfr  n  time,  the  process  is 
arrested  when  (he  sulplmr.  known  by  its  pecaUar  yellow 
colour,  is  aepnmted ;  t)ie  .solution  is  then  diluted  with 
water,  and  liltered  through  an  accurately  weighed  tiller. 
Thereupon  the  sulphur  is  wa-thed  and  dried  at  a  very 
tnuilerate  dc^rtc  of  heat,  until  it  cra.se.s  to  lose  weij|;h(. 
The  sulphuric  acid,  which  is  produced  by  the  digestion,  is 
pn-eipiltited  ln>ni  the  hllen'd  soitition  by  a  solntiiin  of 
chloride  of  Imrium.  The  o)>enitor  ralculate.':  from  the 
weijrht  of  the  sulphate  of  barytes,  the  quantity  of  sulphur 
which  it  cuutains.  The  sum  of  the  t»o  imrtioos  of  sulphur 
thus  found,  sives  the  quantity  of  sulphur  in  the  sulHitance 
nndcx  exnmjnution. 

When  a  substance  routaininc  sulphur  is  oxidised 
by  fuuiinie  nitric  acid,  tJir  action  is  much  more  violent 
than  when,  for  tliis  purpose,  a  weaker  acid  or  aqua 
reffia  is  employed.    If  ifac  sulpbutct  he  pulverised,  and 
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coiu(idenib)e  time,  llion  boiled  afresh  with  rnoriadrtdi 
»n4  ngaiii  acted  tipnn  hy  milphilc  nt*  timmoniii :  th«  dbgm 
»r  tilts  second  pToi-csd  in  lo  uiü:<>rtaiD  w!ieflier  aU  ibeafe 
niam  has  been  reduced  l»y  the  Hrst.  Mlien  (be  selciiU 
coutnintril  inm,  (be  i|U[intity  uf  tbo  perrhloride  of  fm 
which  diitljtted  overwilh  t)ie  perchloride  of  äeleniiuD.Dnl 
he  eHtimaleil  in  the  liquid  filtered  from  the  prrcipiBtif 
sclriiiiini. 

ikparaticn  from  the  Oxides  of  Tellurivm,  Artatic,  AA- 
montf,  and  K«.— There  arc  certain  nkctals  which  cm  bt 
prcM'ipitnlPd  from  ncid  solutions  by  sulpbur(?(t<*d  bydlipi 
cas,  but  afford  Kulphurcts  th»t  are  soluble  in  hibjdnii^ 
phiiirl  of  ammonia.  The  srpiiriition  of  seletüaiB  &■ 
Mirh  metals  as  these,  nii<rht  be  eflrctr'd  by  ranvrrtinplki 
scleuium  iuto  «telcoic  acid,  which  mnnin.s  aoaltfltdtr 
fiulphuKtte«!  hydrof^n  i^hh,  but  RdmilH  of  the  prrcipttam 
nf  the  accompanying  melaltt.  Mactvis  (Inniismral  fh^ 
scrtHlinn :  dr  Tillario,  p.  L2)  has  projinsfd  the  folloinK 
o]mmtirin  for  Mc)Mirattiig  rwlenium  from  Icllarinni  ui 
nntenie;  The  compound  is  melted  with  nitrate'  of  potHfc 
in  a  Kmall  porrebiia  rapsub-  over  the  spirit  lanp  «tt 
double  cuTTeni  of  air;  the  result  afibrded  by  this  nprMM 
i.s  a  mixture  of  oxide  of  trlturium  conil>tned  with  potiäk 
«ith  nXKeiiiate  of  potash,  and  »elriiiatir  «if  potash,  fk 
melted  ma-ss,  after  l)cin^  dissolved  in  wutcr,  could  be  oal- 
tilated  by  nn  acid,  which,  however,  muMt  Dot  be  maäat 
acid,  and  tbcn'-l>e  subjected  to  the  action  of  a  rnnvniDf 
Hidphurctled  hydro^n  ^a»;  hy  this  means,  the  telbniiB 
and  arsenic  would  be  sojMimtcd  by  precipitation  Iron  de 
.selenium. 

Sfparat'utn  of  Selettie  Acid  from  Selemioms  Add, — IV 
resperlivo  quanlitiFN  of  Kelciiic  acid  and  i<cIeniou8  mi, 
when  both  occur  in  the  same  solution,  can  tie  very  v»aif 
«Ktimated.  The  quantity  of  the  srlriiioua  acid  ts  fail 
dctenuinexl,  hy  operating  cither  with  aulphurettc«!  bydnca 
ga»  or  sulphurous  ncid;  utter  which,  the  selenic  add  if 
estimated  as  xeteniate  nf  Imrytes,  or  it  ran,  iiuteiul,li« 
rcdaced  to  adenioux  acid  by  ihv  action  of  niuriiUic  and 
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Qiuiatitatiec  Ettimtitiati  of  Sit/pAur. — ^Thi^  quanlitaüve 
dctrrminiitiou  of  sulphur  cau  be  vlfcctctl  vriUi  (lit.*  iircatcst 
accuracy;  the  «pcrator  convert,''  tlie  snlplnir  into  sulphuric 
ariil,  ]>reripitHtos  Uifuriil  byuKaltuf  liarylfK,  and  reckuns 
tliu  quantity  of  sulphur  from  11]l>  wci|>bt  of  tbc  uulpbiilo  »f 
l(aryte:i.  To  this  end,  the  »«iilphuret  is  romnionly  digested 
with  iiitri«'  acid  or  aquH  rcgin  :  it  ihm  hccomr»  o^iidiscd^ 

I  antt  in  diiMulvcd  in  tlic  acid.  The  Milphiir  15  coiircrtcd  by 
the  excess  of  acid  iuto  sulphuric  acid,  aiid  never  into  any 
lower  oxide  of  sulphur.     The  complole  ccmvcrsiun  of  Ibe 

I  sulpfaur  into  sulphuric  acid  requires,  however,  a  lai|i;e 
quaotitr  of  acid,  and  a  rer>-  Ion?  digestion,  assisted  by 
brut.     In  nlmast  ail  cases,  the  metal  wtiich  is  comhined 

I     with  the  Kulpbur  is  oxidiMul  much  sutmvr  than  the  sulphur 

'  ttsell';  tbr  whiile  qtiaiitity  of  the  resultine  metallic  oxide  is 
)*(meni)ly  dixHulvcd,  whil»  the  fn'f^atcr  )iart  of  the  xiilpbur  is 
still  uudissnlved.  The  latter  exhibits  itself,  after  a  lon^ 
diecittinu,  in  the  form  of  hard,  ycllon-  lumps;  and  often, 
after  a  sliort  dii^t-stion,  Urs  »\Hm  tliu  bottom  of  tfae  vowHtl 
in  (be  state  of  a  yellow  {lowder.  Nince  th»  pt>rfe<n  uxida- 
tion  of  the  sulphur  require;!  too  long  a  time,  the  pro4;rsü  is 
arrested  when  the  sulphur,  known  by  its  peculiar  yellow 
rnlonr,  is  sepnrntcd ;   tbo  solution  is  then  diluted  vrith 

»water,  and  tiltercd  throusb  an  accurateJy  weighed  filler. 
Tbcreapon  (he  sidphur  is  wuiihcd  and  dried  at  a  very 
mtHJerate  di^jr^e  of  heat,  until  it  cease«  to  bwe  weicbt. 
The  sulphuric  aciil,  which  i<i  produced  by  the  digestiim,  i» 
precipitated  from  the  filtered  solution  by  a  solution  of 
chloride  of  iKirium.  The  o|MTator  calculates  from  the 
weight  of  (ho  sulphate  of  barytcs,  the  quantily  of  sulphur 
which  it  cootaios.  The  sura  of  tbc  two  portions  of  sulphur 
thus  found,  ^ves  the  quantity  of  sulphur  in  the  sulistance 
nndcr  examination. 

Wlieo  a  .sub-stance  coutuinius  sulpliur  is  oxidised 
by  fumine:  nitric  acid,  the  action  is  much  more  violeul 
than  when,  fur  this  purpose,  a  weaker  acid  or  aqua 
agio  is  employed.    If  (ho  solpburui  bo  puheriscd,  mid 
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tli«i  treated  with  a  suffident  exceia  of  ramin^  lUt 
acid,  no  Kulphitr  i.s  commonly  i^cjiurutcd,  but  tbr  «U( 
()uantity  ol'it  is  rniivrrtrd  into  siilphurtr  acid.  lotrHMnlj 
however,  tbe  tuminfr  »Uric  acid  is  not  employed,  siiwrlil 
unv  nHiiiirc«  (he  taking  of  too  uiaiiy  prvcaulinns.  Tbtf] 
none  ol*  ihe  compound  may,  iipoa  beiu^  treated  witli  ttmilf  J 
nitric  acid,  be  projected  from  tbe  vosse)  and  lost,  il  blM  1 
to  pluci;  it  in  a  iiiatra.s.s.  »nd  to  pmir  the  furaing  acid  tifm  1 
it,  in  small  portions,  ilirouf^h  a  I'linncl.  The  opcmtordBtl 
not,  in  tliis  operation,  add  h  new  (fuantity  trf*  tbe  «oil 
nutij  (he  uorkin^  produced  by  (he  pruviuus  additia»1 
lotiiUy  iit  iin  end.  A  large  quantit>  of  water  is  alteniiA  J 
added  to  the  oxidised  mass,  and  wtum  the  whole  of  tkl 
Mulpbur  LS  ditisnlvnd,  Uic  sulpbiiric  acid  which  bos  bnl 
produced,  is  precipitated  by  a  solution  of  chloride  ifl 
barium.  I 

The  Hulphatc  of  liarj'ten  which  is  obtiiintrd  bj  ihec 
operations,  is  much  more  diflicult  of  beiu^  nnKbcd  A» 
tlian  is  generally  the  chkc,  iMX'ausethc  coexistence  of  nitn 
acid  and  of  an  rxeeNs  of  the  nah  of  baiytcs,  in  tlie  iwltMia. 
»c(:aMitin.<(  (he  niundtaiicouK  precipi(ation  of  a  portitn  if 
nitrate  of  baiytcs,  which  is  only  to  be  M-paratcd  £niiii  tk 
fiiilphalc  of  barylcs  by  woj^hln;:  uitb  hot  wutrr. 

The  farther  proETess  of  tbe  analysis,  in  the  ^'neralot- 
niinalions  of  stilpbiirt^ts,  in  extremely  simple:  the  opeoM 
ha.<i  (inly  to  delermim-  the  quantity  of  the  oxides  beUii 
Holulioa  by  the  aipia  n*):ia  or  nitric  ucic),  tvhich  i.i  Qtmi 
from  the  sulphate  of  baryte».  But  as  the  excess  ofbanv) 
employed  to  effect  tlie  full  precipitation  of  the  sulplunit 
acid  mif^ht  produce  errors,  it  in  best,  in  the  first  place.  M 
sr|)arate  tlii.s  earth  Innn  tJic  solulion.  I'or  thi.«  purpo«; 
sulphuric  arid  is  added  to  the  solution,  earc  being  talnB 
avoid  adding  a  great  exeeiss.  Tlic  o]>crRtor  .separate«  tbr 
sulphate  oi'  barytes  by  öttration,  washes  it  clean,  aa' 
tbrowji  it  away.  I'lie  «iisbing  uf  tbiü  portion  of  sulpfath' 
«if  barytea  is  eifected  M-ith  case.  The  oxides  cootatiwd  ii 
the  solulion  can  then  be  precipitated. 

Sepaitition  from  Manfjanesr.,  Ira«,  Zinc,  (_hbatt,  A'ifW 
C^idmium,  and  Copper. — It  is  pessible  to  nnalyso,  aftrt 
this  method,  the  greater  part  of  ihc  different  conqiouMlf 
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of  satphur  ^ritli  inctul.««.  The  cximi>oundä  uf  »ulpfaur  Mitii 
mnneniiose.  iriiii.  zinc,  rolialt,  nk-kel,  cadminm,  and  cop- 
prr.  ran,  for  example,  \ur.  till  treiilrd  in  Ihii*  manner;  yet 
many  of  tbe«c  compounds,  es|)i!ci«lly  those  uf  .sulphur 
Willi  miin(ranese,  «nd  some  of  those  of  sulphur  with  inin, 
rf<|uin-  partinulnrmanngeiiioiit:  thi'  npi-rator  must  employ 
nitric  a<rid  which  i«  pretty  atroim,  and,  where  il  is  pos- 
sible, hot ;  or,  instead  of  that,  must  use  strong  nnd  liut 
aqun  re^ia.  If  he  employ  a  very  weak  arid,  and  nc^Ict-t 
to  assist  itx  action  by  heat,  a  slight  diäen^n^ement  of 
Kulphiirotted  hydrof:en  ^s  may  easily  take  plaec,  niul 
(hiis  i»rra.si(in  a  \n&»  of  sulphur.  Il  is  better  also  to 
pnlvrrisf  these  compounds,  awl  not  to  operate  upou 
them  in  larf;e  pieces;  because  the  latter  heronie  o\idised 
at  Uic  äurl'ace.  and  acquire  a  coating  of  sulphur,  whieh 
often  prolectti  a  jionion  of  the  rompound  from  tlic  action 
of  the  arid.  TheNulphar  »hich  is  Kepaniied  in  ttie.se  anu- 
ly^te-t  biis  ifcnerally  at  tir^t  a  k^J  colour.  The  operator 
mtut  not  filter  the  solution,  until»  by  contiiiuint;  the  dif^s- 
tion.  the  .sulphur  ba.s  been  rendered  quite  yellow.  When 
the  weight  of  the  sulphur  ha«  been  determined,  after  having 
been  dried  completely  upou  the  weighed  filter,  it  must  be 
burned,  that  the  operator  may  ascertain  whether  it  lie  pnrc 
or  not.  For  this  puqM^M',  the  ojieralor  take»  fnmi  the  filler 
as  much  sulphur  a»  he  i»  able  to  separate,  and  exposes  it 
to  heat  in  a  snmll  euunlcr[M>ised  porcelain  cnieibic,  iipiiii 
which  it  burns  and  volatiUzes.  If  it  give  a  fixed  remain- 
der, he  determine-s  its  weight:  tbc  remainder  ron.siiits  in 
general  of  un  o\ide  of  the  metal  Mith  nhieh  the  Kulphur 
bad  been  combined.  This  oxide  was  naturally  contained 
us  metallic  sulphurt'l  in  the  separated  sulphur;  but  was, 
on  being  heated  in  (xintact  with  the  air,  convened  into 
basic  sulphate.  This  basic  sulphate  being  generally  in  but 
ver>'  small  qiiiintity,  lost  its  sulphuric  uctd  ou  tlie  continii- 
aoce  and  inctcuse  of  the  heat,  and  became  converted  into 
oxide.  This  is  generally  (he  case.  From  the  weight  of  the 
reniaininz  oxide,  the  operator  calculates  (he  quantity  of 
metal  \iliieh  it  conlains;  he  .suhtnii'l.s  this  weip;ht  from  that 
of  the  sulphur,  and  thus  finds  the  true  quiuility  of  the  sul- 
phtirconiaincd  in  the  original  compound.  Ilcthendisdolveji 
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the  oxide  in  mariatic  acid,  upon  uhirh  a  ämnll  quaodl^tf 
matrix  or  sometimes  of  silica  reraain^  behind,  ibe  vi^ 
of  which  is  est1iDate<l  in  the  usual  manner,  f^joeiam- 
luble  rciQainders  arc  met  with,  not  only  in  the  sal|teA 
iv'bich  arc  found  in  nnture,  but  also  in  thoee  «hid  m 
prepared  by  chemisb«.  The  sultition  of  titc  small  pcHH 
of  oxide  is  tested  with  a  Kolutiun  nf  a  salt  of  biuyuca 
dclt^ruiiiiL'  wbetluT  tho  ignilcd  rcinatuiltfr  contuml  im 
sulphuric  acid.  If  sulphate  of  baryU?^  is  phkIoooiI,  Ar 
quiuttity  of  sulphuric  acid  frhtch  it  contains  i«  rakxiiieL 
and  dcdiiri«^d  fniiu  the  «jitiinKled  quantity  of  tfa«  «xMl 
'i'be  quantity  of  sulphur  contained  in  this  small  qtouMMr 
of  sulphuric  arid  beine  then  determined,  is  udürd  to  ik 
prrvioDsly-cslitniitt-it  wright  of  tJic  »ulphnr. — Whra  (k 
quantity  of  the  i^tcd  oxide  is  very  Mniall.  and  i  vat 
strtmir  heat  hajt  been  employed  in  the  ignition,  it  i<M 
11NU»!  1o  find  it  tn  rnnlain  siilpliurir  acid.  Wbrn  df 
quantity  of  ()ih  n-mainin^  oxide  is  ^«^ater,  uUtin,  for  n* 
ample,  it  exceeds  the  third  of  a  gmin.  it  it<  a  proof  thud» 
separated  and  wei^'hed  Atilphur  wa»  not  tif  u  purr  ycBnii 
colour,  and  had  not  undorgoue  a  sufljcirntly  long 
lion. 

Seiwratwn  from  ^mrf,— Tlie  analyslit  of  other  Mil 
is  ftfftrclrd  by  a  uomcwh«!  different  mode  <if  ircai 
Tlic  compound  of  lend  und  .sulphur  must  be  pulvi 
converted  by  tnnun^  nitric  arid  into  sulphate  of 
trmled  in  the  manner  whirh  has  been  tli-laiU-d  at 
When,  however,  it  is  desirable  to  determine  with  aiA 
ness  the  quantity  of  sulphur  mnlaincd  in  u  cninpunndrf 
Irad  and  »iilpluir,  Ihr  be^t  method  of  prmreedinjc  in  tu  titnl 
the  compound  with  ^seoutt  rhlnrine,  which  is  a  pnxt« 
that  will  be  described  in  a  subseipi^nt  (tart  of  thiti  sectiia 

St^mration  from  B'mmuih. — ^Tlie  conipunnd  of  snlfte 
and  bismuth  must  he  decomposetl  by  pur«;  nitric  acjd,iaJ 
not  by  aqua  rc!^a.  Tho  precipitated  sulphur  moflt  b 
washed  with  water  acidulated  by  a  tittle  nitrit:  arid,  awl  tk 
washini;  must  be  continued  until  the  whole  uf  the  oxidf  "f 
bismuth  W  separated.  Tlie  oxide  i>f  l>i.Kmutb  i%  afterwardi 
precipitated  from  the  filtered  solnlion  by  cariionat«  a' 
ammonia.    The  .solution  in  then  tillered  from  thr  ptMipt- 
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tale,  reiideKd  arid  hy  muriatic  arid,  and  m\\eA  Mn'lh  a 
suluUoii  of  cliluridt!  t>l'  Iwriiiiu  to  precipittkie  ibe  äulj>liiirü> 
»dd. 

Separation  from  Silver. — ^Tbe  coiii)K>und!i  of  sulphur  and 
silver  uiuitt  also  be  dccomiioncd,  Kulrly  by  pure  nitric  ucid. 
From  the  solntion  nhich  is  tiJtered  from  the  suli^ur,  tlw 
siJv»  is  prccipltulcd  by  muriatic  acid ;  and  from  tlie 
Holiitioa  which  is  tittered  from  the  chloride  of  silver,  the 
»iilphnric  arid  is  prrcipitnted  by  chloride  of  bnriura. 

Sr/Miration  from  Mercwrg. — llic  compound.i  of  sulphur 
witli  mercury  can  be  treated  only  with  aqua  rcein,  an  uitric 
acid,  a»rd  alone,  hau  not  llie  pnnfr  uf  diMTumpoüin);  tlu>ni. 
Uureby,  tlic  Kulphur  is  very  oftvu  «iinplt-tt-ly  u^iidiKed. 
Hic  sulphuric  acid  is  6rst  precipitated  by  chloride  uf 
barium,  and  then  the  quantity  »f  the  mercury  indctcmniK-t). 
Thiä  deteniiiuatiou»  however,  is  ttttcudcd  »itli  ditbcultiiji 
on  account  of  the  presence  oC  t^e  nitric  acid.  The  best 
way  of  priiree<liiii(  is  U*  pre«  ipttule  thf  mercury  by  a  cur- 
rent of  äuipburrttcd  hydrogen  };us,  a  pruci-^ct  Hlticb  has 
been  already  described  at  pai^e  123. 

Separation  from  Gold  and  Platinum, — Front  the  Com- 
pounds of  sulphur  uith  ^Id  and  platinum,  the  sulphur  is 
expelled  by  i|cnition;  the  metal  remains  behind  io  a  pun; 
state,  and  can  be  weighed.  The  ()uautity  uf  ihr  sulphur 
is  ascertained  from  the  lo»s  of  weight. 

Separation  from  Tin. — ITie  compounds  of  sulphur  with 
tin  can  b«  oxidised  by  aqua  re<;ia.  It  is  l>etlcr,  however, 
til  decompi>i«e  them  by  i^nseous  chlorine,  uccordiu|;  to  the 
method  which  will  be  described  further  on. 

ScfMratioH  ß-um  Tifaniam. — The  compound  of  8u]ptiar 
with  litanium  is  converted  iuto  titanic  ueld  by  strung 
i«^iition  in  the  atmosphere,  and  from  the  weif;ht  of  tlie 
titanic  acid,  tlie  composition  of  the  sulphun^t  is  calcululed. 
supposing  the  latter  to  have  been  pure.  If,  however,  the 
operator  dcsiri-s  to  determine,  by  a  direct  cspcrimcut,  tlie 
quantity  of  sulphur  in  tins  compound,  it  is  best  to  i>i.idise 
it  with  fuming  nitric  acid,  so  as  to  convert  all  the  sulphur 
into  sulphuric  acid.  The  solution  is  diluted  with  water, 
and  the  titanic  acid  is  precipitated  by  aiiunonia.  The 
soltilion  is  fütcred,  and  acidulated  by  raoriatic  acid,  aiul 
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thesutphuric  acid  is  precipitated  by  chloride  of  b»riiin.- 
Tlie  compound  can  also  be  decomposed  by  chlorinn  |Ut  u 
will  be  shown  farther  on. 

Separation  from  ÄHtimonjf,  AmmiCf  7elhtriiim,  Stiam, 
^c— Tlie  compounds  ol' Ktilphiir  with  antimony,  tnmt, 
tflltiriiini,  K(>Ii>nium,  and  otliiT  uictals,  htv.  nxaminnl  ills 
inethud.s  which  hurt*  hoen  already  cle.scrtbi*d  in  the  «• 
lioHK  uhcrci»  tiiese  metals  were  the  subi(--ctii  undern»- 
sidcrution. 

Separation  from  the  Metals  of  the  Alcalits  ^tiui  Eia^tr- 
Tho  coni|M)und»i  of  sulphuT  with  the  mctulK  u(  the  akabf 
and  alcaline  earths,  aif  diflicutt  of  exaiuinatitin ;  beoOK 
»pon  bdnjc  treated  by  acids,  even  by  those  whldi  aielHI 
adiipled  for  oxidisinp,  they  disni^iEo  »nipliurettfd  hydrv 
gen  gOÄ.  It  happens  vcrj-  soldom  that  they  cau  Ijc  uMiJiv« 
by  rumiiif; nitric  acid,  in  such  a  manner  as  to  avoid  a  Imt; 
for  even  this  acid  oflf«  occasions  the  disen^);pment(<i 
small  portion  of  sulphuretted  hydrog;cn  kuü.  The  fetf 
general  procfju  In  to  decompose  their  solntions  byinwU: 
Uiu  oxide  of  the  ulcalinc  metals  then  combine»  wiUi  1^ 
acid  which  is  employed,  and  its  quantity  cau  be  deter 
mined  hy  methods  which  hare  been  already  daicriW 
The  quantity  of  sulphur  is  ascertained,  in  Ibis  openliia 
fn>m  the  loss  of  weight.  If,  however,  the  operator  sbooU 
desire  to  determine  directly  tlie  quantity  of  sulplinr,  b 
can  ctTect  the  object  by  ascertaining'  the  volume  oftk 
Kulphuretted  hydrogen  gas,  diKvn^ajred  during  the  iirtiDa*' 
an  acid  upon  the  alcaline  sulphiirrt.  This  is  th«  roeÜHil 
which  i.s  ^'nerally  followed ;  but  it  i<c  t>ctter  to  lead  tfe 
sulphuretted  hydrofireD  ^as  throuifb  a  tuetullic  sdiiiio«. 
and  to  determine  the  quantity  of  sulphur  eODlaincd  in  tk 
rCKidting  metallic  sutphuret.  The  methml  of  pn>ce«duir>> 
this  operation,  is  as  follows:  Tbe  solutiou  **(  the  wei^brd 
metallic  sulphuret,  or  the  dry  compound  uf  KulpfaaririA 
the  melal  of  an  atcali  or  an  alcaline  earth,  is  put  ioloa 
flask  ti.  This  tiaäk  is  closed  air-tijrfat  with  »  oork.  throifh 
which,  a»  in  the  ease  of  a  common  flask  for  the  prepontioi 
of  gaiies,  there  pasües  (he  neck  of  a  funnel  b,  which  reatte 
nearly  to  tbe  bottom  of  the  flask:  there  is  UMtrmtrt 
glass  lube  for  the  conveyance  of  the  gEis  pftxse«!  tbntaiA 
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Uie  rark.  TliU  xlRAit  tiibo  j^  c-onncr,icd  by  moan4  of  a  tube 
of  Itidiitn  nibbt'r  wilb  linniher  ji^hiss  liihi?,  marked  t.  'I'tio 
yfesjt  tube  i  pttiiMM  thrutigli  the  rurk  uitli  which  the  fltisk 
cf  is  doKcd  nir-tight,  and  kocm  nn  iiirli  bduw  (hi?  norfitc« 
of  th<-  flolutiun  it  contains.  AouLher  tiibf  r  passes  llirou^b 
Iho  >utmä  cork.  The  tla«k  d  ifi  tilled  to  two-tJiirdu  of  itd 
capnrity  with  a  metallic  solution.  The  tnbe  r  is  pinceri 
abiiiil  half  an  iach  above  the  Niirface  of  lh«  sotutiun,  anil 
no  tb«-  oui^idr  i>f  tbu  Qoitk  i»  bent  at  a  right  »ii^le,  Tho 
four  Qaaks,  d,  e,f,  and  g,  are  coaoected  with  on«  another 
in  the  name  nianuer.  Tbo  cork  which  dose«  tbc  fla^k  t/ 
miut  not  fit  it  air-ti^bt  likf  ihi?  othiTs,  but  ouly  be  plarci) 
in  the  flask  luusely.  For  the  iiietallic  solution,  with  which  tlte 
AuAs  arc  to  bo  tilled  tu  tn»-lhirds  of  their  cnpiicity.  the 


operator  may  cboone  a  solutjoo  of  acetate  of  lead :  in  this 
ra-si'.  h«  rulruliiti'^  fnim  the  weight  nf  thr  rrsultiiig  dry 
sulpliuret  of  lead,  the  quantity  of  the  decump»st^d  sul- 
pburct(i>d  hydroce»  gan.  It  is  bettpr,  however,  to  äU  the 
llH«ks  with  a  solution  of  chloride  of  copper.  In  the  first 
three  ilnAks,  tl,  r,  and  /,  it  is  proper  to  pnur  a  aciitral 
finlution  of  chloride  uf  copper,  but  in  Ihr  fourth  f(a.sk  ff  a 
solution  of  chloride  of  copper  rendered  alcaline  by  caustic 
nmmonin,  thv  sulpbtirettt-d  hydnif^n  p^H  beiti);  abstu'bed 
much  belter  and  quicker  by  sucb  a  solution  than  by  a 
neutral  solution  of  cliloridc  of  copper.— If  the  ojierator 
abould  not  have  employed  a  itululion  of  the  metallic  sul- 
pburet  lor  ilecoiii position,  be  niiii^t  pour  so  much  water 
into  tbe  llask  «,  that  tlie  lurck  of  the  liinnel  b  may  be  deep 
nndcr  the  surface  of  the  aulution.  He  then  cautiously 
PART  11.  4 
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pours  the  acid,  which  is  to  effect  the  decompoxitioacf  Ai 
metallic  siilphuirl,  in  »mnll  qnantiticji  throng  thcünndi 
Dilutod  HuJphiiric  or  muriatic  acid  id  generally  eiiiptojrt 
for  (his  puqwsc.  There  is  now  a  diaengnpeiuent  afi^ 
phuretted  hydrogen  f^a»,  which  is  absorbed  by  the  wlaiiM 
in  the  flaRk)«,  ami  orrnsiims  a  deposition  of  italplmHif 
copier  t<i  tak«  plure.  Particular  care  must  be  lakn  I» 
produce  a  very  slow  disenfjaeement  of  uras;  for  if  l» 
rapid  n  ciirrt'nt  piisited  thixmsh  ih«  appanttuei,  it  wiwMIr 
very  possibK-  fur  a  jxtrtion  of  it  to  os(_-il|u.>  abstirptira, ill 
to  pass  out  of  the  vessels.  A  slow  di8engaf*ei»eiil  of  ^ 
iff  rflrctcd  hy  a  very  rautiou-^  tidditinn  of  (lie  acid.  lis 
necessary  that  the  glass  lube^^^hich  pttK.s  into  the  inct^ 
«wlution»,  do  not  end  very  deep  under  the  surface  of  •» 
liquid.  AVheu  the  diKen^gemcnt  of  sulphuretted  hvdi»- 
pen  pas  has  qnite  ceased,  the  upper  jjiirt  of  the  QaAth 
xtil)  full  tif  tliis  ^s,  while  the  acid  n-tain-s  a  ptirtimflfit 
in  solution.  That  as  little  as  possible  of  the  e^  mf 
remain  dissolved  in  the  liquid,  the  operator  adds  tedi 
tiulphurct  which  is  to  be  decomposed  onlv  a  very  sbI 
quantity  of  water.  Diit  when  the  disengagenieni  oTtti 
gas  has  quite  ceased,  it  is  proper  to  adopt  the  fulloviv 
nirthiMl  of  rxpellinp  the  stilpliun'ttc«!  hydrogen  complEtdf 
from  the  H&sk.  Thu  operator  luakcM  tlio  solutjon  tn  ik 
flask  very  slrongly  acid  ;  he  then  carefully  bcat.<  the  »■ 
tare,  and  aflerwards,  vihea  it  has  become  cold,  caiefilr 
and  gradually  pours  through  the  funnel  b,  a  conc^itnltJ 
solution  of  cariKinate  of  antraonia.  Hereupon  then  ii> 
diAen^a^rmmt  of  citrbonic  acid  pus,  wfiich  drive»  nil  it 
Kulphurclted  hyiirogcn  pas  into  the  other  äa.<«k,  and  «» 
sions  a  perfect  absoqitiun.  "Hie  parts  of  the  appnnlM 
arc  then  separated,  The  sulphurct  of  copper  which  bi 
liecn  produced,  ■»  ßltered  a»  qtnrkly  as  {M*s.<iiblr.  ii  ■ 
not  nccessorj'  to  wash  it ;  but  it  must  be  oxidifM^d,  and  it* 
resnltinp  sulphinic  acid  must  b«  precipitated  by  adll*' 
harytes.  From  the  weight  of  tlie  »ulpbate  of  IwiyH«  » 
obtained,  the  quantity  of  sulphur  contained  in  the  fri^ 
stance  submitted  to  c.xaininatiou,  is  calculated.  Thalt^ 
trbole  of  the  sulphur  in  the  sulphuret  of  fxipper  may  ^ 
fully  oxidised,  it  is  \khi  to  effect  the  oxidation  by  fääH 
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■Hfte  acid.  If  il  Hliiiiild  he  dc.iirahte  to  uvoid  tlir  iim-  ur 
'AmiBg  ocid.  aad  (■>  employ  common  nitric  acid  or  nqiia 
re0n,  tbe  sulphuret  of  copper  must  be  oxiditwd  without 
the  filter,  in  order  that  the  cjiinntity  of  precipitated  sul- 
phur luuy  bt*  drii-niiinrd :  this,  liowrvvr,  it  i»  not  easy  to 
do. — A  soliition  of  Hulpbate  of  copper  is  cheaper  than  a 
jwlulioti  of  chluride  of  copper,  yet  it  cannot  be  employed 
■in  this  experjiuent.  Ilin  sulphurvt  of  copper  ihruuii  down 
from  a  solation  of  sulphate  of  copper  would  require  to  be 
vrdi  waMhfxl;  but  during  the  wa/ihing,  a  portion  of  it 
might  iMvumc  o^idistil.  Thl.t  would  mon:  rK]Hrciully  be 
the  cuiw  uiir»  the  sulphurct  of  roppiu-  vrika  to  he  äi:parated 
from  a  solution  whirh  had  prt^riouxly  \teeu  made  al(^aliae 
by  ammonia. — Should  a  Mdutiou  of  acetate  of  lead  be 
tanployed,  il  must  not  be  rendered  aiumoniacid.  or  ttie 
wrii^hinjf  »f  the  sulphuret  of  lead,  and  the  t«ubst-qiicot 
calcidation  of  the  fjuantity  of  tbe  sutphur,  will  not  be 
|KMiKibIe. 

This  mt^lhod  of  eKtimating  the  quantity  of  Milphor  in  a 
substance,  by  cuuverting  it  into  xul]>b»retl«d  bydro);eo 
gH3.  is  piirtiruhirly  »orlhy  of  «doplio»,  in  the  com^s  where 
tlic  sulpliurt>tli:d  hydrogen  gas  ia  actompanied  by  other 
gases  incapable  of  liviji^  alMorbod  by  the  mctaUic  solu- 
tii>n,  or  lit  any  rate  by  the  metallic  solution  roiitain^'d  in 
the  lirKt  thtt-t'  lla-ikH,  (/,  e,  und/.  Gaites  of  this  dfScnptiuD 
tuv  hydrogen  and  carbonic  add<  Wbeo,  on  the  other 
bund,  lb«  operator  is  certain  that  the  decomposition  of 
the  f4ub:4tant''R  will  occjision  tbe  rvolution  of  no  other  pas 
tbnn  .<<alpbaretlcd  hydro^m,  he  can  make  use  of  an  appa- 
ratus uhich  is  much  Icsm  compliczUed.  The  flajit.  a,  in 
which  tbe  production  of  the  gait  is  »fiectcd,  is  constructed 
precisely  as  iii  the  Ibfei^oinK  apparatus.  A  fnanol  i,  with 
a  Ion)!  neck,  paAses  tii^ewiite  through  the  curi.  with  wtiich 
the  flusL  is  cloKcd  air-tight,  and  nearly  touches  the  iHtttom 
of  the  ves&el.  Tbe  cork  is  also  traversed  by  a  ^la-w  tube-, 
which  is  connected  by  an  Indian  rubber  tube  with  another 
xhLS»  tulit*  ti.  This  is  also  bent  at  a  right  aOK:lc,  and 
passe»  Lhnnjgh  the  cork  into  the  flaxk  e,  which  i»  half 
titled  with  a  metallic  solution,  and  closed  air-ti|fht.  The 
tube  d,  however,  docs  not  dip  into  the  liquid,  but  cuds 
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abonf  nn  inch  above  its  smfacc.  Besides  thcsp,  tlnnr 
paAHi^s  Hnnther  and  straight  class  tiihe  Ilirwupli  Ihi'  curl 
of  the  fla.sk  r,  the  tine  end  beinEr  near  the  twttom  of  the 
flask,  the  other  pro<'<-<.-(1iiis  pn-ity  for  above  Üit-  rtirk.  At 
the  upper  end  of  this  tiibi.-  ii  lla»k  h,  ^vithoiit  a  lioltnm,  is 
fixed  by  nicans  of  a  cork.  A  lan,'o  medicine  phini  «•ith 
tlie  bottom  cut  olT,  may  Ih*  employed  for  tbiit  purpose. 
The  straicht  tnbe  mtist  pass  throuph  the  cork  a  little  waj 
into  the  QiLsk  h.  H)):  joiniii|;.i  mu.it  aJl  be  air-li|fbt.  Wbea 
the  apparatuit  in  fitted  together,  diluted  stilphuhc  acid,  or 
muriatic  acid,  is  caiitiously  poured  throui;h  the  roiiDfl 
into  the  vessel  wbore  the  decomposition  ol'  thu  nulpliurrl 
ift  (o  bo  efiected ;  IhereupOQ,  an  orotution  of  siilphnrcttnl 
hydrogen  ^ua  takes  plac<-.  Tliiii  gnu,  ptuixin^  iut»  the  fla^i 
e,  forces  the  metiUlic  solution  ti>  riw  iiitu  (be  vessel  A.  By 
the  pressure  Trhicb  id  produced  by  the  liquid  in  the  vesstl 
h,  the  absorption  of  tlie  KUlphurcttcd  hydro^ren  jr-^  by  Ibe 
metallic  solution  in  tlie  flask  e,  in  much  Incilitated.  When 
no  mure  gas  is  disengaged  upon  the  addition  uf  frc:ib  acid, 
tlio  acid  fiitlution  in  the  flask  a  b  gradnaiiy  hcutcd.  It  is 
then  allowed  to  cool,  and  a  solution  of  carbonate  of  am- 
monia is  cautiously  poured  throuj^b  the  IuducI  b\  tltiK 
pioduces  a  diKengnfcemcnt  of  carlMnic  acid  pts^  wincb 
expeltt  from  the  Husk  a  all  the  Kiil^>lntreire<l  bydmpeii  ipu 
that  may  ha\c  remained  there. — 'Hie  best  nK-taJitL-  s<ilulion 
to  put  into  the  flask  e  is  a  solution  of  chloride  of  copper, 
with  excess  of  ammonia.  This  not  only  serves  to  absorb 
the  sulphuretted  liydrogen  goii,  but  saturate'!  the  carbonic 
acid,  which    is   mbtiequenlly  generated.      When  all  the 
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nnlphuretluii  liydrogrti  i:as  is  altsorbed,  aDd  tliu  suluüun 
hm  returned  from  the  tcshcI  A  int»  the  Hank  e,  the  appa- 
rBiai;  is  c-nrefully  düjointed.  The  metallic  sulpliurct  con- 
tainiMi  ia  tlie  flaiik,  is  then  treated  in  tlie  manner  uliicb 
ha*  been  described  above. 

In  IhrM-  opcratiuiis,  in  which  a  metallic  äulphurct  has; 
bcoQ  dccimipoficd,  there  still  remains  to  \ve  determined  the 
quautity  of  oxide  disdokcd  by  the  acid  poured  into  the  gas 
Iliisk  B.  flosides  this,  liowcTer,  the  de<;ümposilion  of  the 
sulpliurpt  may  hnre  been  accooipanied  by  the  deposition  of 
a  portion  üfpun:  Hulphur.  This  is  alnays  the  case,  when 
the  siilphiiret  which  is  «l(-('oiii|H>.'M-d  luiidtiiLs  a  srcatfr  num- 
ber ol'  atoms  of  sulphur  than  the  oxide  which  is  pmduLfd 
contains  atoms  of  oxygen.  Great  care  iniu^t  then  be  taken 
that  the  Holtition  in  the  flask  a  is  always  acid,  even  aOur 
the  addiriiin  of  tlic  carlxinate  of  aiumonia.  The  sulphur 
thuti  separutetl  must  lie  liltcred  upon  a  weighed  (liter,  then 
dried  and  wci^hcil.  The  quantity  of  the  oxidi'^  can  llicn 
bo  dotcmnined.  Ttie  solution  is  ifcoerally  evaporated  to 
diyness  aitd  ix  ig^iitcd.  Wbon  the  auunoniacai  b-al(s  have 
tfius  l)crn  expelled,  the  remainder  consists  of  the  metallic 
oxide,  combined  with  the  arid  which  was  employed  to 
(tccompo.se  the  sulphuFut ;  or  when  niunalic  acid  hurt  Iwcn 
useil  fur  this  purpose,  the  fixed  remainder  consists  of  the 
metal  whirh  waK  nrij^naUy  rombiaiMl  wilb  Kulphur,  now 
oonkblned  with  chlorine.  When  the  operator  possesses  a 
larpe  quantity  of  the  metallic  sulphuret  which  is  to  be 
examineil,  it  is  be.st  to  weuh  and  dcc«uipo.sc  a  ricparalo 
imrtion,  with  a  view  to  the  estimation  of  the  oxide. 
AVben  thid  is  done,  it  is  unneccssaiy,  in  the  analysis  un- 
dertaken to  determine  the  quantity  of  sulphur,  to  d.üen- 
f^ge  carlHinic  acid  t^is  from  rarlMmale  of  iiuimunia;  since 
carixjnatc  of  pota.ih  can  In;  employt^d  for  that  purpose. — 
AVhcn  the  mctikllic  snljihuret  for  exaiuinutitm  cannot  be 
weighed  without  difficulty,  an  indelcmunate  jtortiun  of  it 
niav  bu  dcconipused.  The  com|tO!tiiiiiu  can  be  iViuiid  Irtim 
the  relation  which  the  quantity  of  uxide  produced.  Wars 
lo  the  quiinlily  of  sulphur. 

SrfiriraiioN  J'rvm    MetaU   by    C/iloriiie   (Ja*.— The  com- 
iwundit  of  sulphur  with  moüt  uictals  can  also  be  analysed 
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in  the  (bllowinp  manner:  A.  n-ci^rd  puiiion  of  theM^ 
poand  for  cxaiaioatioD,  ia  faeatcd  in  the  appamttiK  depimd 
at  pHfc<!  77.  and  ^a.seon.<«  chlorino  in  pasN«*«!  over  it  wUi 
1u)t.  Chloride  of  sulphur  is  tomied  and  .stiblinifHl.  «Ur. 
ill  tncKit  ciutcs,  the  mctui  ojK-ratcd  u[»on,  crotnbiius  wA 
chlorine  and  n-niainn  hi-liind.  The  <:hloriflt:  i>r  nil^tfi 
treated  in  the  uianut-r '»hich  haä  oJrcady  been  dCflClM 
when  spvaktDg  of  the  mode  of  treaiing  the  vA& 
rhiorides,  that  is  to  say,  it  is  ronducted  into  a  flaiia» 
fimrtti  part  filled  with  water.  It  is  proper  to  be  cantiaB 
in  thr»c  analyse-ri,  and  not  to  alluw  the  chlofine  to  jm 
thruufch  the  apparatus  too  rapidly.  Tho  chloride  oTo)- 
phur  is  decoinpotieil  liy  tltc  water,  and  gives  birth  to  «nl]ik> 
and  sulphurous  acid,  and  the  lattor,  when  iu  contartviA 
the  moist  fhlurine  ^as  which  fills  the  upper  part  oflk 
tiask,  is  conTcrted  into  sulphuric  ELcid.  AVitb  a  vie«  k 
ensure  the  entire  conversion  of  the  Aulphnroua  acid  ilk 
sulphuric  add,  the  operator  must  take  the  prccaBtioB«( 
not  warmiQcr  tho  substaac«  tobe  exarniius),  iinti)  the  wM 
apjKirutus,  inc-ltidini:  the  fla.'ik  which  constituira  the  r- 
cf ivcr,  is  tilhul  with  chlorine  i:a3 ;  n.  state  of  tlyngs  «Ud 
the  fnen  colour  of  chlorine  g:as  renders  tmsy  of  ubserrun- 
The  hcatiii;;  of  the  tfiiilphurct  requires  only  the  aniUtC 
llanic  whicb  can  lie  produced  hy  a  spirit  lotup  with  ik- 
cular  wick.  The  sulphur  resulting  from  the  decompcxiUi 
of  thr  (^hloritle  of  ^Iphur  forms  drops  which  remiiin  Ime 
in  a  lluid  state.  Be.sides  tlie  cbloridf.  of  sulphur,  th 
volatile  chlorides  of  metals  also  distil  ovrr;  the  metilli 
chlorides  whirh  are  not  volatile  remain  behind  in  tlieMk 
The  volatile  iiifialllc  chloritkw,  and  the  rliUvride  ot'gulpkv 
are  driven  by  the  fianie  of  a  small  spirit  lamp  coDtianl^ 
towards  the  flask  ritntaininf;  the  witter  which  is  lu  dixsiht 
and  decompose  them.  When  the  volatile  rliiundi-s  owb 
to  be  formed,  and  expelled  from  the  fflass  blub,  the  opffi- 
tion  is  ended.  The  operator  then  fcnuliially  reduce*  tk 
beat  applieil  to  the  |t:l»sK  bulb,  and,  when  tho  wboh  k 
qnite  cold,  disjoins  the  apparatus.  The  volatile  meotk 
chlorides  must  have  been  prrvioasly  driven  mt  tar  fro» 
the  bulb,  that  (he  glass  tube  is  as  free  as  possijile  fins 
them  as  far  as  h(svc  the  figure  at  page  77>.     At  tbiopiiV 
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rÜK  tube  ift  cut  with  u  Kliai^i  lilv,  uiui  tbu  uaUcr  purl  i» 
pcrnutUHl  to  fall  into  the  veasel  k.  But  at  llii.-t  instant  Oie 
SB— d  mitiit  Im>  clastrd  uitb  a  ^ooil -»hutting  ^lu»s  »mpplc, 
bccauK  tlic  cliloridfH  iu  tliv  uudcr  j>art  vi  üiv  gliuts  tube 
on;  Huddfiily  decomposed  by  the  water  io  the  Hiuik  A.  wtiirli 
produco^  sodb adcKnN:- ol'  hi-ai,  that  ti  [Mirtiou uf  the  volaiilo 
KubKlajHre  eM^apes  in  vu|>our  Itctbrc  the  wutt-r  has  u  sutli- 
I  Cleat  opportunity  of  acting  upon  it.  Tbis  iu  imrüciilurly 
llie  ciiM',  whi'ii  luut'h  chturide  of  »ulpbur  u  t-'uutaim-tl  in 
tlic  tube.  .  ir  stiiall  purtious  ut'  tbe  volatile  chlorides  still 
reiuaiu  iu  Iho  purt  of  tbe  cooducting  tube  which  is  not  cut 
(iir.  tlic  tul>c  niaiit  liK  cut  u^ain,  the  <-IU(>ri(lf\s  must  \te 
vvashod  out  nilb  water»  aud  th«  tioluüuii  bt-  added  lu  that 
couluined  in  the  flank  k.  Thereupon,  in  order  tudeteiinine 
tilt'  wci^bt  of  the  metallic  chloridri«  which  arc  nut  volatile, 
llu;  opirnitiir  wei^b»  thr  gla^s  bulli  with  the  chlorideii  ctiu- 
lained  in  it;  he  theo  emptier,  cicnus,  and  dries  the  ghtss 
liiilb,  aod  ueiglu  it  U|[ain.  As  tbe  gXnua  bulb  with  ilio 
lulH'jt  juiaed  to  euch  end  uas  Kiu^ihed  uloue,  before  ihe 
introduction  of  the  compound  for  anulysi«,  it  is  now  only 
ucre.sfiar>  to  clean,  dr>-,  and  weigh  the  pieces  of  fluii.s  tulw 
which  were  cut  oG,  to  dctcrmiue  tbc  weight  of  tbc  llxed 
rbbiriile.-;  eouliiineil  in  tbe  bulb.  The  weifiht  of  (lie  t^luss 
üritt  found,  deduete«!  I'ruut  the  cotuinou  weifjbt  ul'  the  bulbj 
tbe  rbloridcä  and  tbe  pieces  of  tube,  given  the  wcij^ht  of 
tbe  chloride».  If  (hecomjH>UDd  äubniiltcd  to  eMtiiiinjition 
comained  cupper,  the  weighing  of  the  lii:ed  thloridcs  is  of 
no  Uiie. 

Tlie  anal^Mrt  of  iIh;  fixed  metallic  ebloride.s  ix  elTectetl 
by  processes  which  tiuve  been  fitll>  e:xpliiiucd  iu  the-  pre* 
«  fftding  scctioos.  They  are  firat  treated  with  muriatic  acid 
and  water,  with  access  of  atnioiiphcric  air.  When  copper 
i»  eonfaiued  in  the  compound,  tbe  nsulting  pnitocbluridc 
of  copper  is,  after  some  time,  fully  converteil  into  per- 
chloride  of  copper.  If  silver  is  pre^eul,  it  remain:«  undis- 
solved iu  the  Ktulc  of  rhloridt^  uf  ailver.  When  tend  id 
present  aa  well  as  silver,  the  chturidc  of  lead  which  it) 
produced,  can  be  cuuiplelely  st^parated  from  the  chloride 
of  Kilve;',  by  merely  treating  tbe  mlvture  with  «  ate.r. 

The  liquid  in  ttic  receiver  bold«  the  volatile  metallic 
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chlorides  in  solutiott ;  that  is  to  »ay,  whcu  they  are  npttilr 
of  dissulving  (herrin.  Besides  these,  it  cvntairu  sidpiiRh- 
arid  uihI  «ulpfaar,  iiiid  the  estimation  of  thi;  quuiitilt  4 
tlic  latter  substances  in  the  fir^t  thiujET  >vhirh  iuukI  be  il- 
renipfed.  ir  the  operator  allows  the  chlorine  g&s,  atttt  dr 
citinplete  decuuipoKilion  of  the  .suhsLanca  fin bmi tied  b 
•tnalyni^,  to  stream  ^ory  slowly  and  during  a  very  iof 
time  Ihrotich  the  Rolution  in  (liu  receiver,  the  coaaetftmt 
will  be,  that  the  sulplmr  »hich  was  at  first  preci]iibiil 
will  redissolvc,  and  produce  sulphuric  acid.  The  coo^kk 
ronver^ion  of  the  preci|iitati!d  sulphur  into  sulphuric  uai 
re(|uirrs,  however,  a  considerable  time;  often  a  witoledif, 
.tomrtinics  several  days.  But  althougti  it  requires  a  In« 
time,  thr  uprralion  is  not  very  trmiblrsomc  ;  tbc  opccabi 
has  only  to  take  care  that  the  rblohnc  Ran  ih,  in  liie  «t6- 
nary  niantier,  vory  slowly,  yet  continually  disonpiRcd- 

When  llic  decomposition  ix  (imsbed,  the  rrreirer  s 
exposed  to  an  extn-tiit-ly  moderate  heat,  until  the  fne 
chlorine  is  expelled.  If  free  sidpbur  bo  prct«ent  in  6r 
solution,  the  opt-nitor  miiat  still  wait  some  time  i>erorcle 
proceeds  uith  the  tiltrotion,  because  the  sulphur  not  oilj 
remains  a  long  time  in  the  liquid  state,  but  after  tbc  Ml«- 
rion  has  been  wanned,  continues  smeary  for  »nme  timr- 
Whcn  the  sulphur  has  bceume  hard,  it  is  filtcreil  upiis  i 
weij^hed  lllter,  then  dried  and  weighed.  The  sulphuric  mi 
produced  by  the  operation  is  precipitated  from  the  Glteid 
.•«ilntimi,  by  a  solution  of  chloride  uf  barium,  or  of  sow  J 
oilier  salt  of  barytes,  and  the  quantity  of  sulphur  isadcffl 
lated  from  the  weitjht  of  the  sulphate  of  barvtrs.  TV 
filtered  solution  still  eontuins  the  melals.  vrlneb,  in  Üv 
state  of  metallic  chlorides,  were  distilled  over  with  ihr 
chloride  of  sulphur.  These  metals  stjll  remaiD  for  ntt- 
mation. 

Separation  from  Antimony  by  Chlorine  dax. — Wbeo  lie 
ronipound  to  be  cxaialued  contains  sulphuret  of  antimoin. 
and  is  to  be  (Vcotnposed  by  chlorine  }^as,  tho  liijuid  in  lite 
Hank,  which  serves  for  receiver,  must  rf>nsi2t  of  a 
solution  ol'lurtarir  ncid  niintrled»illi  tnuriaiicacid.  Aft< 
the  dccumposilio)!,  the  sidphur  m  fintt  sepamted,  and  tm 
sulphuric  acid  is  then  precipitated  by  a  salt  of  bai^tr** 


'  SEP.  FROM  «ETALS  BY  CIILOBINK.  287 

Th«  autimony  i$  afterwards  precipitated  liy  u  curieut  of 
«iilphuretteil  liydruurn  i^aiit.  Bclnn!,  buwover,  this  liuiC 
opemtioii  ü  exei;u(t«d,  i(  is  ntlvtsalile  to  separate  the 
excc£5  of  bnnilfs  wbich  may  have  been  added  In  ttio 
soiutioit.  Tbis  is  ellecicd  by  siilplittriv  acid,  vf  whicit 
considerable  care  shotild  be  tidicn  to  add  no  more  tliaii 
may  Im«  iicressarj'.  It  rt'inuiiiit  to  be  observed  hereby,  that 
tile  sulphate  of  baryles,  of  which  llie  (juäutiiy  is  to  ]w 
esiimatcd,  uusUt  to  hr  (iltcn-d  jus  soon  as  it  has  fully  sob- 
sided  ;  for.  if  the  whole  be  allowL-d  to  remain  several  day» 
tmfiltcred,  a  depositiou  of  crystallized  ttupcrtarlrate  of 
barytes  takes  place,  notwilkstandiitt;  the  preseriec  of  mu- 
riatic acid,  and  from  this  suttölancc  tbe  siitj^hate  of  tiarytes 
Ü  freed,  by  wa«hiiig,  ^vitfa  considerable  diiliculty. 
-  Separation  from  AntiwoHt/  aad  Arsmic  by  C/ihrine  Gas.^~ 
If  the  substance  to  be  examined  cunluiiiK  both  xiilphurct 
of  antimony  and  »ulphuret  of  urseuic,  Lbc  liquid  iu  tiio 
Tpceiver,  mnst,  as  in  the  preceding  ease,  be  u  Mulution  of 
tartaric  acid  ;  but  this  i.s  not  nefX'SSiiry*  when  .sulpburel  of 
■rKcnic  alone  vt  present. 

Hrpnraliim  from  Antimony  and  Irun  by  Chlorine  Oat.— 
Vrbta  llic  Kitiphurcts  which  are  to  be  decomposed  by 
clilorine  pas  contain  sulphurct  of  iron,  a  portion  of  the 
resultinif  pcrcbloride  of  iron  it;  voIuUltvied  duriiif;  tbc  opora- 
lioD.  It  is  impossible,  linwever,  to  drive  over  tlit*  whole 
of  the  iron  in  Ibt  tttaie  of  pcrcbloride,  iu  company  u  ill)  ibt; 
Other  volatile  metallic  chlorides  and  chloridu  of  sulphur, 
«incB  wc  dare  not,  iu  the  decomposition  of  ibe  metallic 
■iilpbnri'is,  employ  too  high  a  temperultire.  Neilher  is  it 
|>ussilili.'  to  mnna^i;  the  oiwrattun  in  such  a  mannir  as  to 
BiaLc  all  (lie  prrchloride  of  iron  rt^miuu  with  tlie  lixcd 
chloridfs.  The  chlorimi  kiis  is  Ihrnfon-  piTniittcd  lo  |tass 
over  the  heated  substance,  unlit  ihc  percldoridu  of  ir«)u 
which  distils  over  ceases  to  be  accompanied  by  any  other 
volatile  chloride.  The  perchloride  of  iron  is  ca.«:ily  triown 
by  iLs  colour,  and  by  the  crystalline  spiinj;lcs  wliiub  it 
Ibrms  when  it  is  drivt-n  onwards  in  the  tube  into  which  it 
has  suMimtHl,  by  the  application  of  tlie  llame  of  a  small 
spirit  Limp.  By  these  t--banirters  it  is  readily  dintinguish- 
abl«   from   other   more  voLaile   cblotides,  iiamelyi  from 
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chloride  of  antimony,  especi»lly,  as,  by  the  decompoäiB 
bycliloriim  f^ait  uf  the  compuundKof  »ulphurandantDHif, 
only  solid  protochtoridc  of  anümuny  is  formed,  and  M 
the  fluid  pcrrhloride  of  luitimony.  When,  now,  ihroab- 
iiuunce  of  tbo  operation  occasions  the  vulatiliatiH  4 
nothing  but  pcrcbloride  of  iron,  ihc  apparatus  isaUawti 
to  cool.  Thp  (jreater  part  of  the  pert-hloride  of  in»  tla 
retiuiin^  iu  the  ^)u.s.s  Itulb  with  tiic  IJxcd  chloridu;  it« 
twiiamled  therefrom  by  the  jirocesseä  which  have  alni4 
'been  detailed.  Ilic  fur  sinaUcr  portion  of  the  percUonft 
of  iron  which  has  been  distilled  over  Tvitb  the  TChA 
chlorides,  is  next  lu  he  »'panUrd.  If  the  snbstanoe  n^ 
niitted  toanalyshtroiiluiuvdaatiniony,  ajitl  un  thisacom 
the  receiver  has  been  supplied  with  u  liquor  cooiainil 
tartaric  acid,  it  is  proper  to  coauueuc«}  by  piccipitaliK 
the  antimony  by  sulphuretted  hydrogen  gasi  tofilterdt 
sohition  from  the  sulphuret  of  nrilimoiiy,  to  siipersatOV 
it  with  ammonia,  and  to  precipitate  the  irou  by  hitn^ 
sulpharct  of  ammonia.  It  is,  in  tfab  case,  impoHsihle  > 
cstimatr  tJtc  t{tiantity  of  iron  in  any  <illier  maBMt,  ■ 
account  of  the  presence  of  the  tai-tuhc  acid.  Ilie  iiiilplMit 
of  iron  thus  obtained,  must  !>«  converted  into  pcniidta 
iron  by  tlio  inetliod  dt^smbed  at  pai;e  53. 

Srpariitivn  from  Zinc  by  f.'hloriiie  Gax.—^Whctt  thefl^ 
phuret  which  is  decomposed  by  chlorine  gaa  coaiv 
isulphuTct  of  xinc,  it  id  found  that,  when  tiM>  strong  >  W 
has  not  been  employ»)  to  effeet  the  decomituaitioa,  A* 
whole  uf  the  chloride  of  zinc  remains  wi  th  the  tixed  mcui'' 
chloride»).  It  has  been  already  observed,  at  i»age  SS^lltf 
h  is  only  the  hydrateil,  and  not  the  unliydruiui  cUopdi 
of  zinc,  which  is  easily  volatile.  Whon,  faoiTcrer,  ü» 
«tnin^  a  lieat  has  been  applied  in  the  dccomposine  pnoA 
a  very  small  quantity  of  chloride  of  zinc  will  be  lbtu>d>i^ 
the  volatile  chlorides,  fmni  which  it  must  be  scpnntrf 
according  to  the  pr(x:e.s»e.t  which  have  alrctady  lieea  it- 
sciibrd.  If  unlinumy  is  contained  in  the  suluitaMC  sit- 
roitted  to  examination,  the  zinc  is  pn^eijijtatcd  assulptnil 
of  zinc,  in  company  with  the  sulphurct  of  iron.  Tbeis* 
snlphurel.K  an>  then  oxidised  and  separated. 

Sfjuiration  from  Antimony,  fiifptT,  and  lueadi, — ^Tke  v^ 


\ 


ANALYSIS  0¥  8VLPHt;R  SALTS. 


ploymoBt  of  |:aseout3  chlorine  iu  the  dccompositioQ  of 
itietiillic  sulphureti!  is  c«i>('cijilly  to  be  recommended  nbon 
the  NUl).stanrf>  Ktilmitttc«!  In  cxaminntion  contains  a  variety 
uf  inctailiL:  Hul|)liuri;tx.  It  ix  thi;  «inly  luctliud  which  rnn 
be  employed  in  the  analysis  of  such  salpburets  as  contain, 
at  tlie  siinic  time,  sul]ihuret  of  antimony  iiiul  othtr  8ul- 
phurct«,  tlie  mctaU  of  which  conütitute,  with  cblorioc, 
compounds  that  are  either  insoluble  in  water  and  acids,  or 
aaty  wilultle  therein  in  a  very  slight  degree.  Such  s»\- 
pbarets,  for  example,  ore  those  of  silver  and  lead,  which 
frequently  occur  in  nntarc,  combined  with  sulpharut  of 
iintimony.  The  rartids  **l'  ihciw  sulphiirct»  can,  Jt  i»  tnic. 
be  Tcry  well  separated  from  one  another  by  bthydrotsul- 
pburet  of  uinmonia;  but  then,  nf  coonte,  the  quantit\  of 
sulphur  cHiinot  Im-  deterntined.  If  we  allempi  to  oxidtKe 
these  metalit  by  »qua  re^a,  we  obtain  a  residue  nf  in.<«>lubl« 
chloride  of  silver,  and  difficultly  soluble  chloride  of  lead, 
mineled  with  the  separated  sulphur.  If  we  treat  thorn 
witli  njtrii'  iii'id^we  obtain  umixtur»  of  sulphur  witii  oxide 
of  antimony  or  untimuniouü  »cid.  We  could,  imleed,com- 
pletely  oxidise  tlic  whole  of  the  sulphur  by  fumint:  nitric 
acid ;  but.  as  this  reagent  does  not  fully  precipitate  the 
oxide  of  antimouy,  bat  permits  a  portion  of  it  to  remain  in 
Solution,  it  is  evident,  that  tlio  nietho<l  of  decomjMUunie; 
Ibeite  siilphurcts  by  gaseous  chlorine,  is  preterable  to  all 
otbers. 

AnalyiiM  of  Suty/tur  Sa/te.— All  metallic  sulphurrtA  are 
flecooiposable  by  gaseous  chlorine,  but  the  decuuiposiliou 
is  not  ill  all  canes  «fleeted  with  the  same  facility.  The 
cumpotiuds  of  siilphuret  of  antimony  and  of  «ulphuret  uf 
arsenic  with  basic  metallic  sulphurets — compounds  be- 
tmiging  to  those, to  whirli  Bmk/kmi.s  has  given  the  name 
ofj^pAor  stilts — are  rumarkiible  Itir  the  uu^incss,  tlie  quicL- 
uess,  tmd  the  completeness  with  which  tbey  are  decom- 
posed. The  u»e  of  chlorinf  t*as  is>,  therefore,  particularty 
adviiablu  when  these  substances  have  to  be  analysed, 
more  e^iwcially  when  the  sulphuret  of  antimony  ur  the. 
üulphuret  of  arsruJc  is  combined  with  those  sulphuret» 
-nbirse  metals  are  capable  of  prct'ipilatioD  from  a<  id  solu- 
tions, which  is  almost  always  the  tost.    When,  however. 
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siilpliurct  oranlimony  ur  HulphDret  uf  arsenic  Ü 
only  witb  sulpbarots  of  iron  or  of  other  metab  rnÜA 
cauDut  be  preripitate<l  from  ucid  .solutioD.s  by  .sulphuntld 
hydrogen  pis,  it  i.s  bcttiT  tn  cäV-ct  Üit;  üxitJaüoD  by  t^ 
re^a,  thuu  lo  treat  tlic  compound  with  chlorine  gas.  IW 
uperator  then  diMuilvt's  tlie  melaJliu  tiuipbureu  in  upi. 
reRia;  and  il'  KUlphiin.'t  of  antimony  ttc  preseBl,  addstn^ 
taric  acid  to  tbe  solution,  ut  the  sonic  time  taking  air* 
(lihile  it  properly  wit))  wntcr.  lie  filters  the  sepanid 
sulphur,  am]  patäpi tales  ibu  Kuiphuric  acid  wltidi  Im 
bocD  toriucd,  by  u  salt  of  borytc^.  lie  a^iu  tittcK  tk- 
solution,  prei-ipilates  tb«  nxcess  of  the  bnnr'tic  salt  tn 
Kulpliunc  acid,  aud  then  precipitates  tbo  ufitimony  and  ilc 
ariicujc  by  sulphuretted  hydrogen  ^s.  lie  Hltt-rs  tbridi- 
tioD  rrum  the  sulphurets  of  unLiuioay  aotl  arscuic,  tfiiptni- 
turatcs  it  with  uinmoiüa,  and  precipitated  the  imnMlk 
utbpr  metals  whirb  have  escape«!  preeipitation  by  tbciri- 
[iburctiod  hydroguu  giu  applied  to  the  acid  solutioivlf 
bibyd ruNulphuret  of  ainmoiiiti  now  applied  to  the  timwr"*^ 
HcaJ  Solution.  On  account  of  the  prcdciice  of  lamiir 
acid,  no  otlicr  pnxipilaiit  ran  be  employed  for  tfaiü  pv* 
po«c.— Il  is  only  when  nickel  is  present,  that  the  timtam 
of  the  compound  witb  chtoritic  ^i^s  is  tu  be  pr^Tem^tt 
tliat  wilb  acjua  regia :  tbo  reaM>n  of  tJiLs  jxrulior  dUtiv- 
tion  is,  that  nickel  is  difficult  of  precipitation  from  neninl 
or  ammonincat  ftotiitions  by  bihydn^isiilphiiri-t  ofamiaaiik 
The  length  of  time  tKXuipiid  by  tbe  decoinpositioii  d 
metallic  sulplmrcts  by  chlorine  ^o^is  different.  'Dwa«- 
]M>uti<i8  of  ilie  sulphurct  of  antimony  and  the  sulphurvtif 
arsenic  with  basic  mt-tallir.  stilpliurets,  are  compkldr 
decomposed  in  une  hour  from  tbe  time  wbeu,  the  «ink 
appiiratuK  beiu^  full  of  <:blorine  fraä,  the  operator  Iw^v 
to  heal  the  f^lass  bulb;  the  quantity  submillnl  to  anal;^ 
liein^  eupposc-d  to  be  n  few  grauimes*.  No  port  of  Ar 
substance  then  remains  undL>eon)posed  in  rompaav  <rA 
the  fixed  metHllic  chlorides.  Simple  metallic  sulpbtnMi 
am  nut  no  cusily  dvcompt^snl.  Still  more  tedious  ix  ^ 
decomposition  of  compound»  formed  of  metallic  üulpbmtu 

,'l'^4<^v         *  A  grammp  uabcrat  la)  Bnglisb  fi^nuB«. 
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with  metallic  nncniiircts  or  mrtalUc  nntimomurcts,  sach 
as  arsenical  rolxUt  (tilanwoball),  nicket-sflancc  (Nictol- 
planz),  nirkri-aiitimonial  ore(\ickolspip«ie]anzera).  These 
comptmmls  mny  hc  k^pt  in  quntitJtJcs  of  only  »  rcry  few 
'grainmf.s,  rontiiiuallv  bcatvd  iind  exposed  to  an  inrrKsatit 
current  of  chloriae  eas  for  twelve  hours,  or  still  longer, 
aii<l  yot  not  expcrienfc  a  complete  defoiiiiHwitioa 

m~  Wben  the  rlecomjMMiitioD  by  chlorine  bas  not  been  com- 
plete, the  fixed  chlorides  reniainint;  in  tlir  bnlh  must  be 
dissolved  in  water,  anil  the  iiadcrompoüed  »abNtatine^cpa- 
rntcd  by  liltrotion.  Tbc  weiebt  ol'  thift  portion  is  tlien 
determifH'*!,  and  deducted  I'roni  the  wciglit  oC  the  quantity 
mibmitted  t  >  analysis.  If  rhloride  of  silver  be  contained 
amotij;  the  ttxed  ebloridc»,  it  remains,  of  rourxc,  with  the 
underomposed  substance.  It  niisht,  indciil.  lie  disiolved 
by  ammonin,  but  a^  fused  chloride  of  silver  in  diflicult  of 
Aolutiun  in  ammonia,  the  attempt  to  .separate  these  stib- 
i)latK?cs  in  such  a  muoDer  only  renders  Ibo  analyns  more 
complicated.  In  this  case,  the  decomposition  by  chlorine 
gas  is  conseqaently  Ices  worthy  of  recommendation. 

The  compounds  of  snlphurets  of  antimony  and  Hiilplioret 
'of  arsenic  vrith  basic  metallic  sulphnrets,  are  cotnplctcly 
decomposed  by  chlorine  gas,  eve»  when  employed  in  large 
pieces.  It  in,  hiin-ever,  alKiolutely  neces.«iry  to  employ 
'■11  tbu  native  sulpbiirets  whicb  arc  to  be  decom|Hued  by 
chlorine  ^as,  in  the  state  of  powder.  One  reason  fur 
recommending  this  precaution  is,  that  nearly  ail  larfre 
'■pieces  of  these  Hulistanceü,  when  firnt  acte<l  U]N)n  by  Iieat, 
decrepitate,  by  which  smalt  portiuim  could  very  euüUv  Ik- 
thrown  out  of  ilie  bulb,  and  might  even  pass  into  the  \es.sfl 

P^'bicb  serve»  for  the  receiver. — The  other  metallic  sul- 
phurcts,  nhich  an.'  dilfirull  uf  di'^omposttion,  must  never 
Ih!  employed  but  in  a  pulverized  state. 

■     Separatum  from  Aatbaony,  JiisMUth,  and  üilrtr,  by  Htf- 

*'thogeH  Gat. — A  few,  but  only  a  very  few,  metallic  sul- 
phnrets, are  converted  into  rcgulioe  metuU,  when  tliey  are 
eated  in  an  atmosphere  of  hydrojcen  ^'as.  The  comimsi' 
tion  of  these  sulphnrets,  can,  consequently,  be  found  by 
lleatinK  tliem  in  an  apparatus  similar  to  that  depicted  at 
age  8!}.    When  hydrogen  gas  is  passed  over,  sulphuretted 
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hydrup^n  gas  is  evolved,  and  pure  metals  rcmain  b^iu 
Of  the  inetulLic  sulphiirets  which  most  fFcrqaentl;  cam» 
iiarart!,  it  iit  »iily  the  suIphiin-lH  dfantiniony.  biaiiHilk,«f 
silver.  Ihat  can  hv.  linis  ctinvt^rUd  into  reg^uline  aeCibtf 
a  degree  of  heat  insufficient  to  melt  f^las«.  A  un\i\t  a» 
pound  of  Kulphuret  iil' :ui union y  with  »iulphuret  ct  litt. 
fcnuun  to  niinenUogists  uitdur  the  naiuo  uf  Ruby  SiN 
(dunkles  Both^lti^erz),  can  lie  conrerted  in  thi»  wMv 
into  an  iiHoy  iifHilvcT  and  antimony.  Tlic  two  nictibai 
then  be  separated  and  cittimatvd,  aud  wlutl  is  trutod* 
make  up  Ihe  orijfinal  weif:))!  can  he  estimated  wflnlpkK 
This  nietbud,  however,  cao  only  lie  fblluwed  «bra  * 
4:oni|M>iind  in  tree  Irom  tJie  Klighte.it  traces  of  suIpbaMä 
arüenir. 

Separatian  of  SnipAnret  of  Antimontj  Jrom  Omde  vj  i* 
MONy, — When  a  substance  to  be  cKatuined  consiÄtfi 
■letiillie  ){ii]phuret,  and  on  oxide  of  tliu  äanie  metal,  lb 
examination  is  ca^iy,  nheii  both  subslaoces  can,  bf  hof 
heated  in  an  atmosphere  of  hydrogen  gas,  be  coom» 
into  refTuline  mntiil».  Bui,  iimi>nj;  nil  tlir  metallic  f-vifi^ 
rets  which  form  louipouuds  with  oxide»,  tliiü  iü  tlwtM 
with  the  sulphuret  of  luiiimony  alone.  Tbc  compoiwdi- 
»ulphuret  nf  ajitimony  with  oxide  af  antimony  im  l> 
decumpoKLil  by  hydrogen  caM,  in  an  ajtparalufi  siniilaiv 
that  dcwribcd  ut  pu^  <t5.  The  sulphuretted  hyilro^on 
pUHSes  away,  hut  the  water  produced  by  the  combiiiAt» 
of  a  portion  of  hydrogen  with  the  oxygen  of  the  ouiic  * 
partly  condensed  in  the  ^lass  bulbar,  and  partly  oUotrt 
hy  the  ehloride  of  culeium,  which  IiIIk  the  tube  i.  IV 
«{lerator  delerniiues  the  quautily  of  the  metal  ublaiivd,» 
well  as  that  of  the  water  which  i»  fomu-«!,  from  whirliir 
easily  lind;>  the  quantity  of  the  oxide.  'Ilie  qmaMOrfd 
the  tstilphurct  is  calculated  from  tbnt  of  the  uxide.  Vte 
the  compound  containji  but  a  xmall  quantity  of  oxidt,* 
when  but  a  small  portion  uf  the  compound  i»  takcflM 
rxamination.  the  operator  may  dixpcuae  with  the  ^ 
bulb  ff,  and  connect  the  filaaa  tube  of  the  bulb  e  inuaefii' 
alely  with  the  tube  A.  This  method  of  aiialyais  in  pntfcaUt 
to  that  in  which  the  oxide  of  antimony  is  aoagbl  tftti 
separated  from  the  sulphoret  of  antimony,  by  mtaa*  "^  ' 
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wfHik  acid,  or  of  an  acid  salt,  such  els  crcau  of  tartar.  If 
the  suhstowrc  tinder  examination  Ik  in  a  very  fi»ety<<liv1de{l 
slate,  (he  siilphurot  ofnntiniony  is  fnipableot'l>ein(5dpcr<>ra- 
posrd  by  runtinticd  boiliiiff  with  cream  «('  tartar  und  whUt. 
When  the  operator  has  to  examine  cnmjioundtt  of  .such 
melullic  sulplmn-t.s  with  uxidt»  n»  cannot,  in  this  statt-,  bo 
reduced  by  hydrogen  ^'as,  he  must  treat  tbera  in  the  (Mkmc 
manner  aa  he  is  ublt|;ed  to  treat  Iho  ehnpic  metallic  snl- 
plitirets.  He  dii;e!<l8  a  weigheri  portion  of  the  compound 
»itb  nitric  arid  or  ii«|u«  re^a,  and  detcrminc-j*  ttiequiintity 
of  the  Kulpliur  and  of  the  re?in1linir  nulphuric  acid.  Me 
then  has  in  !<olo1i(>n  \\n-  inftiillic  oxidroriüitially  conlaineil 
in  lb<?  compound,  urn)  thai  prmluced  by  the  action  of  the 
nitric  ackl.  He  determintnt  the  total  quantity  of  oxide, 
and  then  calculates  the  relative  proi>onion.'4  of  «ulplmrpt 
nnd  of  oxide  contained  in  the  compound  Hubmitlcd  to 
analysis. 

Quantitative  Ettimatitm  of  Sulphuric  Aäd.~~\u  what  man- 
ner the  iMimpoundK  oi'  sul|>lniric  acid,  <ir  the  »lulphntes,  are 
analy!(ed,  may  partly  1»e  inferred  frtrni  what  ha;*  lieen 
ulready  ftaid  upon  that  point.  The  soluble  sulphates  are 
diflsolTed  in  water,  and  the  »ulphuric  acid  is  precipitated 
by  a  solution  of  a  salt  of  l>aryte.s.  The  quantity  of  .sul- 
phuric acid  i<9  calculated  from  the  weipbt  of  the  precipi- 
tated sulphate  of  barytosi.  Before  proeei^inp  any  farther 
with  the  analysis,  it  is  proper  to  separate,  by  sulphuric 
«cid,  Ihr  cxrcxs  of  Imrytcs  remaining  in  the  filtered  solu- 
I  tion.  The  upt^ralor  then  proceeds  to  CKtimatr  the  quantity 
of  the  ba.se  which  was  combined  \y\\h  the  suiphurir  acid. 
Mlien  the  üulphunc  uciil  contained  in  a  soluliun  of  n  neu- 
j  (ral  aiilphale  Ik  to  be  precipitaleil  by  a  solution  of  dilori«le 
iif  bnrinm,  the  Holution  of  the  sulphate  must  previously  be 
nrididatcrl  by  the  addition  of  murialir  a»'id. 

Aimh/tü  efiruoluble  Sulphates. — But  when  the  sulphate 

to  be  examined  is  in«ioluble  in  water,  which  is  the  ras*-,  for 

;  example,  with  sevrral  bH.sicsHlpbHt4>.><,  it  must  U'dissolved 

I  in  muriatic  or  nitric  acid,  llie  solution  must  Ih>  diluted  with 

'  water,  aud  then  prtfipilated  by  a  solution  ofharytes. 

SejKiration  vf  Suljifothc  Acid  from  Bart/teSt  i>trontian,l.ime, 
'  mtU  Lead.~yfhen,  however,  the  sulphate  in  insoluble  in 
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acids»  or  at  least  is  verv  slightly  soluble  therein,  ibeaMlfM 
must  l)c  conducted  in  another  way.     Amonir  the  jasolitii  | 
or  diffiriiltly  soluble  itulphatcs  which  arc  hen*  aUodcrin^l 
are  the  rompniinds  of  h(ul)>hiii'ic  acid  with  harytM,  M»  1 
(ian,  lime,  and  pmtuxiile  of  lead.     The  sniphiiie  ofbarlil 
complclrly  <lrcoiiipr>s<-il  wlirii  it  i»  puIvt'^^isl^)  and  Im 
with  an  c\coi«ä  ol'a  Kulutiou  olfarbonatc  uf  p<>taiilia(ah| 
Imnate  of  soda-    The  (ixeil  product  of  thiH  opefstka«! 
carbonato  of  lime,  which  is  insoluble  and  can  be  «eponirf 
by  filtration;  it  is  washed,  dried,  ami   weig'hed.     It  ok 
after  the  weijthinc,  be  siibmittrd  tn  ignition  ;  but,  as  it « 
lose  a  portion  »1*  its  carbonic  arid  by  being-  bealMl  uni 
neu»,  if  in  necexxary  In  tivat  the  ignited  lime  witlli«lh| 
tiiin  of  cnrlNinate  of  atnintmia.   histructions  res]>ecün£  n» 
operation  have  been  yriven  at  page  17,   in  tre-attnc  of  ih 
mndo  of  rstimalin^  the  oxalate  »f  lime.     Thr  üolntkl 
filtered  froiii  the  carbonate  of  lime,  ubich,  in  nddiliiai 
the  olcalinc  sulphate,  contains  an  excess  of  alcalioc  oiW  | 
nnte.  is  cautioiifdy  acidulated  by  muriatic  acid,  and  tk  ' 
precipitin (il  by  h  sdluiionufililüridc  of  bariuni.   llcm^ 
a  precipitate  of  sulphate  of  barytes  is  itbtJiincd.  from  4 1 
weij^t  of  vthich  the  operator  reckons  thv.  quontitv  of  ti 
^huri<^  Hcid. 

Tlie  other  sulphates,  which  ara  insoluble  or  dtffictf* 
soluble  in  xnitcr  and  in  acids,  ciui  unly  be  ■lecomposnlk' 
cnrlMtnutc  of  potash,  or  of  snd»,  by  Itciiig  melted  [b^-mrai 
One  part  ol  the  Insoluble  »iilpbute,  rcflucrcd  to  vente 
powder,  is  carefully  niini;led,  in  a  platinum  tTUciblc.  «* 
three  parts  of  carltonated  ulcab,  and  tlic  crucibl«.-  is  expw^ 
to  such  B  heat  as  i:i  siilhcient  to  maL.e  Uie  luiAturemdL  £ 
sulphate  of  lead  be  present,  care  should  be  taken  niitu 
employ  loo  (itmn^  nr  too  tons'Continued  u  heat,  otlierwiv 
a  portion  of  lead  mi^bt  be  separated  in  the  nx^ulim-  flA 
and  this  lead  might  combine  -n-itli  the  platiuum  ctinUi 
and  Tvrj-  mtich  injure  it.  In  this  case,  it  is  usual  to  ttafiff 
such  n  dcei-ec  of  hrjit  thm  ihr  mass  does  not  c-oMplrB^ 
run  tt>tcether.  The  ieiiili^i  masK  is  nl'icnvarda  aatiati 
with  water.  II  tlie  compound  contain  no  oxide  of  kxL 
but  only  haryteü  and  .ttrimtian,  the  insoluble  sabstautrt 
remaininji;,  after  ireatin);  the  ijrnited  mass  with  naicr,  an 
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rnrbonale  of  stninliaii  and  carlionnle  of  btiryte»^,  nrhich, 
after  bciiijr  washwl,  are  diswilvecl  in  miirialic  acid,  and 
4Bpiirdtefl  anil  (-stimatttl  in  tlir  inainicritlrriuly  partinilar- 
Iftkd.  The  äolutiot),  lilterrd  rruin  (lie  carlHiimU-d  ruiiJis, 
CMttatQS  the  alralinc  sulphate  and  the  excess  of  the  alra- 
liiu- carijimaiL*  I'lnployi-d  t«  effwt  thu  dt'connM)sition  ;  this 
«ulution  is  Kiipersaluratvd  by  muriatic  acid,  and  the  ndi- 
phnric  acid  in  pit-ripitnt(!d  by  a  imltition  of  chloride  of 
barium.  From  the  weicht  of  the  resiiItinR  siil|ihate  of 
iKiryleti,  the  (ipiTAtor  caleulalcs  how  much  sitlptiiiric  ncid 
was  contained  in  the  insoluble  sulphate  .submitted  to 
aoaJysiü. 

Tf  the  sulphate  submitted  to  analysis  rontuinod  lead, 
th(>o  file  xoluiion,  formed  by  treating  the  ignited  mass  n  ith 
wafer,  contains  a  trace  of  oxide  of  lead.  When  it  ia  not 
inlendrd  to  determine  the  qanntity  of  sul)>huric  acid,  this 
oxide  of  load  is  precipitated,  m*  sniphiiret  of  lead,  by 
directly  npplyin^  bihydriMulphuret  nf  »mmimia.  But  if 
the  nprmtor  desires  to  determtm'  also  Ihr  cpiantity  of  sul- 
phuric acid  in  the  solinion>  he  supersal urates  the  liquid 
with  nitric  acid,  and  precipitates  the  isulphuric  acid  by  a 
solution  of  nitrate  of  bnrytes.  He  then  filter»  the  solution 
from  the  sul|>hate  of  harytcs  and  preripitatex  the  trace  of 
lead,  nti  »idphuretul'lcuil,  by  (he  addition  of  li(|uid  .sulphu- 
retted hydrojj^'n. — Tlir  sobstaiicc  which  remains  undis- 
s<»lve<l,  mheii  tlie  i-rniteil  nia.-'s  i»  treated  with  wairr,  i.i 
protoxide  of  lead.  When  this  protoxide  is  pure,  it  is 
ignited  in  a  small  porcelain  cnieible  and  aftortrnrdg 
,  iKiglied ;  but  when  it  contains  other  substances,  iis,  ftir 
«kample,  jteroxide  of  iron,  it  is  di.'i.solved  in  nitric  ncid,  and 
ihe  oxide  of  lead  is  (hen  separiitrd  fn>m  the  furci*n  sub- 
stances which  rontaminule  it,  by  the  processes  which  hare 
already  been  dc.serilH'd. 

SrparatioM  of  Salpkitrie  Acid  from  Chromic  v4eirf.»-The 
separation  of  sutpliuric  acid  fnnn  cfaroniir  ncid,  and  of  the 
xulphatcs  from  ihe  Chromates,  is  best  effected  as  follows :— . 
Tlie  e»m|)ound  is  dissolved  in  a  small  portion  of  water,  and 
after  the  addition  of  a  sufficient  quantity  of  mnriatir  acid, 
the  luilulion  is  carelully  boiled  till  it  no  lonj^er  priMluces  the 
iKlourof  chlorine.  Tlie  liolnliiMi  \n  then  diluted  with  water. 
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The  ii|>cral«H- can  first  i>r(H-i|Htatf)  the  oxide  of  rbroBioi 
by  ammonia,  and  then,  after  ßlterin?  thr  fwlaliua  aat 
aridulating  it  by  muriatic  acid,  prrripittit«;  tbc  svlphnr 
»<:it1,  liya  K4>liition(>f  abxrvtic;  salt,  an  sulplmtv  of  tiarjiA 
or,  on  ibe  contrary,  be  can  tifüt  preripitute  tbe  Autpkav 
iiriil  by  u  si>lutiuii  uf  bnr^teti,  am)  lUlrrwiinlK,  b}?  amrnni. 
ibe  oxiih>  of  rlinmiinni;  yi*t,  in  the  taltt-r  ruso.  tbeism 
üi  hiirjtes  must  fi..st  be  si-parated  by  the  addilimi  of  m1- 
phiiriv  acid.— The  atlditiou  of  alcohol  to  the  intinu.tM:  tat, 
fi>r  the  piir|)0»e  of  bnstoniii^'  the  rcdovtioD  uf  the  chnac 
acid  (o  rhrooiir  oxide,  ditrv  nut  \te  muiJe.  Such  an  auUk« 
would  render  tlic  dclcrmiuation  of  tJic  quantity  of  hdI^Ihm 
ucid  im[H>sHiblc. 

Anali/fis  uj  ff'//i'ianl[>hntca imd  ff^ifunafp/tifrs  in  StihtioK— 
Tilt!  i'ünipuunds  lormtHl  by  tbv  olbcr  acid»  uf  suJpharnA 
bases,  can  bo  Itesl  analysed  by  conTorliu;»  t>ieiii,  by  uiWi* 
tiori,  into  itul|ilmtfs,  and  tticn  irealin^  th(>  sulplnUa«» 
cording  to  the  methods  »liicb  have  ju»t  tiei<n  dexiiU 
The  oxidation  ot*  (beae  compounds  mtut,  howcvtt,  ti 
eflbctod  with  precaution.  Supposing  the  oiH-rutor  IiihiK 
a  Dolntion,  it  must  Ih;  mix<.^  i^ith  strong  iiilric  <idi* 
aqua  re^a,  ami  dii^estcd,  with  tho  assiKtanre  urbemt,i>i 
coiisiderublc  time.  This  is  tbe  only  raeanM  ureffectiHi 
iromplelc  oxidalioitof  tile  compouml.  When  solothwii' 
fayiMKtidpbute»  are  acted  upon  id  th«  cold,  «>xidatioa  te 
not  uüie  place.  To  prevent  any  dittcnirnirenient  of  i4- 
pliuroiis  acid  irnü,  it  is  proper  to  warm  the  suhilion  i]f  tk( 
8iibHüince  li>  be  oxidised,  liefon-  the  ^trouf;  nitric  täi» 
addtrd  :  it  ia  bc6t  to  employ  tlie  lumin»;  nitric  acid  for  lb 
purpose.  The  hyposulphites,  when  treated  in  this  ja»aaa. 
deptj.sit  sulphur,  which,  however,  upim  r»n tinning  tk 
digestion,  is  partly,  aJtd  often  completely,  rediASolve>dui 
converted  into  .sulphuric  acid. — It  in  nccessar«^  to  Ire«!  a 
tho  same  maunvr  tbo  »ululions  ol*  tli«  acid»  uf  laüpte 
which  contain  k'äji  oxygeu  than  is  coutoined  in  jjalphoii 
acid. 

Aifi/i/sh  nf  drtf  Sulpfiiies,  fft/p<milpha/fs,  and  Byf«"^ 
phiti's. — -When  tlie  compounds  formed  by  bases  «itii  dt 
acids  of  sidphur  uhich  contain  less  oxygen  than  sulpluin 
acid,  an;  presented  for  eiiantination  in  tbu  dry  Mtale,  tl>! 
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are  oxklisi-i)  by  strong  nitric  Rcid.  ff  the  tiperator  has 
oxidised  a  »iilphite,  he  ran  llicn,  (»nivitlcd  the  ha.>M>  Iw  nut 
volatile,  ignite  it  in  a  platinum  capsule,  lunl  so  (-(rnvtrt  it 
into  a  neutral  »utphati-.  If,  on  tht^  otiurr  hanH,  lie  lina 
oxidised  one  of  the  bypo«ulphitca  or  by|>osiilpba1«s,  be  can 
only  vtnmrt?  to  isrniti*  it,  after  having  added  a  «'frtiiin 
quantity  of  ba»i(-'  to  it;  becuusu  the  salt.i  of  byptiKulpliimii» 
and  hyposulphnric  acids  are  converted,  vthen  treated  with 
stron'.:  nitrir  arifl,  in(o  siilplmtc.t  with  cxcesH  ofiirid. 

Analysis  of  Hypomilphatcs. — To  analyse  dry  hyposiii- 
pliate»,  it  Is  annecessary  to  treat  them  first  with  nitric  acid 
or  aq uu  regia ;  all  that  is  mK-essary  i.i  to  exp(i<ie  a  yi^ven 
qtianlity  to  ignition.  The  operator  tlien  obtaiuti  a  nputnil 
itulphiitc  wliich  can  bo  weighed ;  sulphurous  arid  gas  and 
water  of  rrj'titallizution  t-srapc  during  Ihc  ignition.  The 
itulphuric  acid  contained  in  tbc  ncutml  siilphat«  contains 
half  the  quantity  of  sulphur  winch  was  contained  in  the 
hypoMilphuric  acid  of  the  compound  analysed.  Ifencp  it 
i»  vasty  to  rnlciilatc  the  quantity  of  liyjKtsulphuric  acid, 
and  them«  the  quantity  of  the  vvuti-r  of  crystultizalinn. 

Separation  of  Sulphuric  Acid  from  Hypasulpkuric  Hn'rf, 
and  from  Svlphov'mic  ^cü/.-^If  several  of  the  acids  of  siil- 
phnr  arc  contained  in  one  solution,  and  the  rc.<ipective 
quantities  are  to  be  esrimated,  the  object  can  be  effected 
by  various  processes. — If  a  solution  contains  sulphuric 
acid  and  hypirsulphuric  arid,  nnd  both  in  «ncomliiDcd  con- 
dition, the  quantity  of  each  can  be  best  determined  by  tho 
procc&s  which  follows:  The  operator  adds  to  the  liquid  a 
jgrtutiunofpHrebrtrvtesin  excess  nndratculateslhpqiianlity 
«milphitric  arid  I'mni  the  weight  of  the  siilpliate  of  baryte."«; 
during  the  filtration  of  which,  the  solution  and  precipitate 
must  he  protected  from  the  air.  To  get  rid  of  the  excess 
of  harvte«.  the  operator  either  paiwcs  a  current  of  carbonic 
acid  gOÄ  through  tho  solution  and  then  exjiose«  it  to  heat, 
ur  eUe  »lowly  evaporates  the  solution  to  dryness  and  treats 
the  dry  mass  with  water.  In  either  cn.sc  he  Kcparutcx  the 
free  barytcs  as  an  insoluble  carlHmato  of  burytes.  lie  then 
filters  the  riohitioa,  and  adiLs  »uljihuric  acid  as  long  as  it 
«KCQsions  the  precipitation  of  .'«ulphate  of  Iwirjics.  He 
delemiincH  the  quantity  of  harylex  in  llie  precipitated  sul- 
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piiuU-  of  biir>irs,  and  L-aU-iilutr.i  how  mut:b  liypuäulphlii 
acid  lit  nciTs.'^ir)'  ti>  »iitiiratc  thut  c]iiautity  of  boscw— TW 
ftnalysiit  im  rondiirtrd  in  the  same  muuiu-r  whvu  a  sohidN, 
Uc-sidvä  containing  üulpbiirir  acid,  coutaiiui  the  compooJ 
of  carburvttvd  hydro);ci)  uiih  sulphuric  acid,  wbki  ■ 
kuoMii  by  the  name  of  su]|>lK>Yinic  acid»  and  whicJumt 
resemble»  the  hy]M>i<Ml|>burit'  ucid  in  its  pmiMjrtieit. 

ScpartilioH  of  Sulphates  from  Mypoxuiphutes, — Win 
Imncver,  iht;  sulphuric  acid  and  liy|)ONuIj>hiihc  acid 
combined  with  ImMCJt,  and  the  qoautity  of  each  mü  ■ 
ncvcrthcIcKS  lo  be  dctimiincd,  it  \s  best  to  effect  tht 
lysis  with  two  dilT^rcut  portiünci  of  the  coiai]K>uDd.  UTil 
4ine  portion  the  operator  dctcmiincs  tbo  quantity  «f 
phuric  aciil  in  th«  ordinury  manner;  that  in  to  ay,  V 
precipitating  tlie  »olutinn  by  a  Holulioii  uf  I>aryta,  uJ 
cnlcubkting  the  quantity  of  Hulpbttric  iicid  from  the  inilk 
of  the  sulphate  of  burytos.  Uc  troats  the  oibt^  itortiaa^f 
the  con)|M>iind  with  nitric  acid  or  aqua  rejcia,  lur  tbe|B- 
)M>S(;  of  Converting  the  hy|>OKtiIphuric  acid  iuto  sulplus 
acid,  by  the  proci-»;;  of  oxidation  dc-tcriberd  above.  Vrla 
this  is  effected,  he  precipitate»  the  solution  by  a  salt  i' 
barytcs,  and  determines  the  quantity  of  sulphuric  acA 
Tlie  difference  in  the  two  quantities  of  Hulphunc  Acid.iii^ 
calvd  by  tlicM!  two  experimentx,  iumiKli{^>.s  the  dati  tt 
delennitiiHjt:  thc-i|iiantily  of  .sulphuric  acid  pnKluced  bvt^ 
oxidation  of  the  byposuJphuric  acit),  und  cou.se({U(-tit];  tk 
quantity  of  hypoaulphuric  acid  contained  in  the  cumpoul 
HUbuiiltvd  to  iiimlysis. 

Sepeiration  if  Salphates  from  SalpltilfH, — ^Wlien  %  CO^ 
pound  contains  both  sulphates  and  stilphites»  tlie  rcspedia 
quantitii-s  of  the  acid»  can  be  detrmiined  in  a  alnibi 
manner.  But  in  tliis  caae,  to  facilitate  tbr  dctcnoiMtiia 
of  the  Kulpburie  acid,  it  is  iieceüsury  l>crore  the  picdfiit»- 
tJou  is  effected,  to  acidulate  the  solution  with  nm^ 
acid. 
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Qutmfiftilirr  Eftimnlioti  of  Phosphoric  Acid. — PhrtSJ>llorif 
arid  1-iiu  Ih;  quaiititiitivirly  estimated  in  the  same  mnnncraä 
ars4^ntc  arid;  but  the  tiolutiun  in  which  it  Is  dittHolvTd 
niii^t  contabi  iiothin!;  eUe,  except  nitric  arid,  which  can  do 
no  harm.  The  operator  adds  lu  the  üolution  un  accuralet^ 
wci^iH-H  quantity  of  pure  and  rcfcnlly  ignited  protoxide  of 
lead ;  he  tlicn  i-:va)HirutCrt  the  wholi;  to  dr)-nr.s.s  and  jgnilrs 
the  residue  in  a  .«mall  connterpuised  ptatiuuni  capsule. 
The  quantity  oi'dry  phosphoric  arid  is  tbiind  hy  deducting 
the  originai  wt-i^ht  ut'  the  protoxidu  ufh-ad  from  the  weight 
of  the  ignited  mass. — Tlie  estimation  of  phosphoric  arid 
lilu-Ki.sc  require»  that  the  Noliition  contain  no  other  acid 
tvhich  caji  tana  a  sftlt  of  lead  incapable  of  reduclioo,  by 
i^ittou,  to  pure  protoxide  of  lead. 

QnantittKire  Eslioiittw»  of  P hosi>finrous  Achl  (mit  //t/ji<r 
photplunittut  j4 rif/. ^-PhiMphorouü  acid  and  hy  pophosphortm.s 
acid,  contained  in  Kolutiou:<,  can  be  quuiitilativcly  cMli- 
mated  in  a  .similar  manner.  The  operator  adds  to  the 
solntiou  II  weighed  quantity  of  protoxide  of  load,  and,  at 
tbo  same  time,  bs  much  nitric  acid  a&  is  nfieessary  to  niJite 
the  phosphnroiis  and  hy|M»ph(iKpbonms  acids  to  the  highest 
flep'ce  ul'uxidatioi).  When  ilu-  whole  hofi  Wen  n-diicrd  by 
eva|x>mtiun  to  a  very  ümiül  volume,  it  is  waHlird  into  a 
small  weij^cd  platinum  ca]M>ulo  and  evaponite<l  to  dry- 
ness; the  dry  mna^  iri  then  i^nitetl,  and  the  remainder  \s 
wcbifaed.  This  residual  matter  consists  of  phosphoric  acid 
:ind  protoxide  of  lead.  The  weiifht  i>f  llic  latter  lK>ing 
known,  cjiu  be  deiluclMl,  which  <;ivcM  the  wci»:ht  of  Iho 
phoutpliuric  acid.  It  i^  tticQ  necessary  to  calculate-  how 
much  phosphorous  or  hypopbosphorous  acid  \&  e<|uiva]ent 
to  this  weight  of  phtxsphoric  acid. — ^I1ie  phoüphoniUK  or 
h\[>opli(isphitroux  acid  becomes  fully  converted  into  phos- 
{4u»ric  acid  during  the  ignition ;  the  o\idalion  i.s  produced 
by  (lie  nitnite  uf  lead,  which  decom|Miscs  at  that  periiKl. 
The  ignition  mii.st  be  performed  with  caution ;  l>ecau.<«  the 
nuLss  SMi'Ils  up  when  Itc^ited,  und  a  Xoah  can  V9.A\\y  be 
occasioned  by  incniilinus  manH^rciiient.    .\  \o»s  can  he  also 
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occasion«!,  during'  the  ijfnition,  whcu  tot»  gjreat  »  qnantity 
of  proloxuhi  (»I'  U'Hii  hay  U^eu  omplojed;  for  iii  that  fji«« 
too  great  a  quantity  of  uitrate  of  IcaO  is  forined,  aud  this 
salt  has  the  disagreeable  proprrty  of  ittrougly  di^rrepitating 
bt'lnrt-  undergoing  docoinpoNilion- 

ikjKmition  of  PAcspßtoric  Acid  from  jBom*.— The  sepaw- 
tiOQ  üfpbusphuric  acid  from  other  suLütaaccs  Ufrc<|aeiiily 
accompanied  hy  the  grcale<it  diQicultieu.  The  most  accii< 
rate  method  of  determining:,  in  the  analysis  of  the  phos- 
phates, the  quantity  of  phosphoric  atrid  they  coutani, 
consiiita  in  dctcnuiniiig:  the  qnantity  of  the  base,  or  sub- 
«tanee  romiiined  with  the  phosphoric  jieid,  rontuined  in  a 
weigh»«!  quantity  of  a  give»  piiosphato;  th«  quautity  uf 
the  phosphoric  acid  in  tlien  found  from  tbe  loss. 

SrjMrtUUm  vf  PhospliorU:  Acid  frvin  Salp/turlc  Acid- — 
Phosphoric  acid  can  be  very  accurately  st^paratcd  from 
üulphuric  acid,  by  the  solution  of  a  salt  of  barytcs,  add««! 
in  cKCi'KS  to  au  ueid  wolutiou.  Sulphate  of  barytes  then 
precipitates,  while  plio»iphate  of  barytes  remaiTuii  in  soIih 
tion.  Tbe  weight  of  tbe  aolpbate  of  Itar^tcs  indicates  Iha 
quantity  of  sulphuric  arid.  The  ([uautity  of  phosphoric 
acid  contained  in  the  iiltettrd  solution,  can  now  be  fuuud  hy 
»aluralin}f  the  solution  with  ammonia,  whiTeby  the  phtw- 
phate  of  buryteä  is  jirecipitatcd :  this  is  not  a  tnetlioil, 
however,  whitb  affords  an  accurate  resolt.  Supersatoni- 
liiin  with  umiennia  does  not  effect  the  mmplete  precijNUi- 
tion  of  tltc  phosphate  of  biiryteä;  ou  tbeconteary,  a  portioa 
of  barytes  remains  in  äolution,  and  the  more  acid  tbe  »oIb- 
tion  was,  the  greater  is  tbe  portion  of  Itaryles  which  rcmaiM 
dissolved  ;  for,  upon  saturating  the  acid  with  ammonia,  i 
lariiie  quantity  of  an  iunmoniacal  salt  i»  produced,  and  üiii 
it  is  that  dissolves  the  pbo^phate  of  barytes.  It  is  wbrn 
muriatic  acid  is  coutained  in  tbe  solution  tlial  thu  qnanlit)' 
of  pbospbnte  of  barytes  vrhich  escapes  precipitalion  is  ky 
no  mean.<;  ineon»ider;ibIc.  Phosphate  of  barytes  is,  indeed, 
so  extremely  kolubte  in  a  Molulion  of  muriate  of  anunonin, 
that,  when  a  solution  of  chloride  of  barium  is  added  to« 
solution  of  phosphoric  acid,  which  contains  a  very  larp; 
quantity  of  muriatic  acid,  and  Ibc  mixture  is  supersalu- 
rated  with  ammonia,  it  very  often  happens,  that  not 
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the  äiaallcHt  |)rt-cipttate  uf  plKwpliiitc  uf  burytiit  is  pro- 

Srparafioa  of  Phoephnric  Arid  from  the  OxidM  ofArgenir, 
7ri/uriHt/i,  utul  Stienitnn.—'YXvi  He|)aratiuu  uf  phosphoric 
acid  from  the  acid«  of  arsenic  is  very  well  effcctcd  hjr 
stilphiimiUv)  hydrot^en  fcas,  uhich,  on  bc-intr  Ird  Ihronch  »n 
acid  .Hidiiliati,  prtTipitatcs  the  acid»  of  arsenic,  in  tlic  »talc 
of  Miili>liiirct  of  arävnic,  bat  has  no  action  od  the  phos- 
phoric acid.  The  oppnitor  ihen  delrriiilnrs,  from  the  weight 
of  the  resulting  sidphurct  of  arxenir,  th«  quantity  of  the 
nrscnious  or  arsenic  add.  The  particalar«  of  this  opera- 
tion have  Wvn  e"eii  above,  at  pairt-  IJXX  If  the  operator 
intends  tu  detcnainc  t))c  qaantity  of  pho.sphöric  acid  exist- 
ing in  the  Kohition  uttered  I'rom  the  sulphuret  of  arsenic,  be 
iuu>tt  efTifct  (hat  objurl  by  meanx  of  protoxide  of  lead,  in  the 
nmmier  dcvcrihed  above.  It  .Stands  for  il.self,  thai  lite 
Kolution  imiftt  contain  no  ntfarr  acid  caiKitdc  of  forming  a 
.  ixcd  Aalt  with  protoxide  of  lead ;  it  may  contain  nitric 
'^ifctd,  l»ceaU!>e  the  nitrate  of  lead  is  deeuiuposcd  by  lual ; 
hnt  it  Diast  not  contain  the  least  trace  of  sniphurottod 
hydro^*n  gas,  the  exceas  of  uhieh  must  therefore  t»e  care- 
fully Ncparated  UHore  the  addition  of  the  protoxide  of  lead. 
— By  the  aamc  pmcess,  the  phoNphoric  acid  conld  Iw  »epa- 
rateil  from  the  oxide  of  telliiriam  and  from  «elenioiis  arid, 
NhfHild  (he,««'  KiilislunccR  «Kxar  in  comliinaiion  with  it ;  yet 
it  would  hi-  Ktill  iHJtter  to  separate  them  by  treatment  uilh 
srilpharous  acid. 

SejuirtititiH  of  Phosjthorie  Acid  from  the  Oxtden  of  Cad- 
miHtHf  Lfiid,  Jiismttfh,  ('<'i>/nr,  Siii'rr,  Mrrrnrif,  Tin,  and 
Antimont/,  by  Snlj>huretttsl  Hydnfjett  f/n*.— When  phod- 
phuric  avid  is  «»nihined  with  the  oxides  of  cadmiuiu,  lead, 
lUtti,  copjHT,  silv<T,  niercary,  tin,  i>r  antimony,  a 
sighed  quantity  of  Uie  Compound  is  dissolved  in  an  acid, 
fvr  which  purpose  the  acid  which  it  is  heal  (o  tale,  in  most 
I  ^ecs,  bat  not  when  the  oxides  of  lead  and  silver  are  prc- 
'Mat,  is  tniirititie  acid.  The  Mthition  is  diluted  uiih  water, 
and  the  metallic  oxide  is  then  precipitated  by  a  current 
»f  sulplinrrtted  hydroj^en  gas.  The  n-snitintr  nielHllir  .«iil- 
phurrt  is  treated  according  to  the  loetliodM  \Thirh  liavf^  been 
already  dei!(crib(xl,  with  a  vicM  tu  dctcnniae  the  ccjuivalcnt 


2S9  PIIUSPHOUUK. 

proportion  of  oxide.    The  quaatity  of  the  pJioiyphoricwl 
is  dftiinalitl  from  the  loss. 

StrjHiratiim  of  Phosphnric  Acid  from  the  Oxida  of  SAa 
and  Ltad. — When  pbospboric  «cid  is  cooibiuetl  »itfi  ifcf 
oxido£  of  silver  and  It-ad,  unuther  mode  of  operatin;[  in; 
be  adopted.  The  compound  <;aii  be  «JiKsulved  to  aim 
acid,  and  the  oxide  of  silver  precipitated  by  aniriair 
acid.  From  tlu.-  \vri<>;ht  of  tlic  rrsiilling  rhiomie  of  sihA 
the  quantit)'  of  the  oxide  of  silver  it:  calculatML  Hi 
quantity  of  the  phosphoric  acid  i.»  then  cvksy  of  iiifenvi 
— If  pToloxidc  of  lead  lit>  coutatiied  in  llt(>  nitric  acidii^ 
tiou  uf  the  phosphate,  it  is  precipitated  by  suipbnriciol 
The  addition  ofalcohol  to  the  solution  occasions  tbr ritir 
precij>iU\tioa  of  the  äuipbate  of  lead,  tiincr  that  suit  isiyüi 
iiisohible  in  u  .spirituous  solution.  Froui  the  weight  oflk 
resulting  Mulpliatt?  of  lead,  the  quantity  of  tlie  protoxide^ 
le»d  \s  calculated.  Tlic  quantity  of  the  phosphoric  add» 
llien  inferred  from  the  \\>aa. 

Altai iffis  of  t'vtHpomdt  (ontainhig  Phoitjiharie  and  Jn» 
Aciiis,   in  combination  «ri7A  tAe  Oridex  of  Ctidmitim,  hd, 
lihmulh,   Copper,   Silver,   Mcrettrtf,   Tin,  aiitt  ^»limmy- 
If  the  compound  for  ujialysi«  consists  of  ptiospfaoric  aä 
tuid  arsenic  acid,  combined  with  one  of  tlic  uielallic  tiuda 
\thich  arc  precipitable  from  acid  solution«  by  sulphuffisd 
liydrui;iin  ^»u,  the  unalyHiK  may  l»e  performed  bv  twoi&fc- 
rent  methods.    Compounds  of  the  kind  alltidcd  tODCeniii 
nature;  and  us  the  phosphoric  acid  and  arsenic  add  i> 
isimiorphous,  thr y  replarc  each  other  in  these  cojupouii4sil 
cvcr-varyiuK  proportions.— The  comitound  is  dissoKcdb; 
an  acid.    In  moKt  caKes  muriatic  acid,  but  iu  u  few  csm 
nitric  acid,  forms  the  most  appropriate  solvrnt.    Accorilv 
to  one  of  the  metliods  of  anul^itia,  the  stdution  is  diliitirf 
with  a  sufficient  quantity  of  water»  and  the  im-talUc  asik 
and  the  arsenic  acid  are  precipitated  tog;eÜirr  by  sufaito- 
retted  hjdroijen  }^a,  as  mctollicsulphoretB.  ThcstdphuRt 
of  ftriienic  i.s  then  separated  from  the  other  DK-tallic  al- 
phuret,  und  1li<' ei]uival(-nl  proportions  of  iir»enic  acid  and 
metallic  oxide  arc  estimated  or  rcelkone«!.     Aceordim  ■> 
the  other  method  of  analysis,  the  acid  solution  is  fopri-' 
saturated  \sith  amuioniu,  and  then  mixed   with  »urli  i 
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quaiility  ufbUiydrOHulptiurct  ufammonm  us  is  merely  suf- 
lirieut  to  prccipituto  the  meUillic  oxitle.  Afler  filirntion 
Irnni  the  metallic  Hulphiirel,  the  siilphuret  of  arsenic  run  lie 
pn-ripitated  by  muriatic  acid.  Thi.s  method  dare  tint  Iw 
»doptcd  wlicn  tfae  oxides  of  tin  and  Hiilimony  arc  con- 
tained in  the  compound,  since  the  siitphurets  of  lltoKo 
nictalfi,  like  the  Niilphiirot  of  arnenic,  )ire  soluble  in  an 
cxc«8it  of  1>iliydn>su]phuret  of  ammonia.  As  the  measure» 
of  precaution  which  are  necessary  to  he  taken,  in  examina- 
tifms  uf  tili»  nature,  have  been  minutely  detiiiU-d  in  Ibcir 
ptvpcr  places,  it  i«  useless  to  repeat  the  description  here. 
When  iJie  quantity  of  the  arsenic  acid  and  of  the  metallic 
uxide  ha.s  bei'n  determined  hy  the  aliovo  ex]M*riinenls,  the 
igwmtily  of  the  phnsphoric  acid,  nhich  is  affected  neither 
'by  the  sulphuretted  hydro^n  gas,  nor  the  bibydrosulphurel 
of  ununoniiL,  is  calculated  from  the  loss, — If  the  compound 
for  anaiysii;  contain  phosphoric  acid,  arsetiiouH  acid,  and 
one  of  the  alwve-named  metallic  oxides,  the  operation 
prwTeds  exactly  in  ihc  same  manner. 

Separation  of  Phosjtharic  jicid  from  the  Oxida  of  Cediahf 
ZtRC,  Irvn,  Mauyuuesef  C'admivm,  Lead,  liüimuth.  Copper^ 
Silatr,  and  Mercury,  by  Bihydroaviphuret  of  Ammo«ia. — 
When  phot;phoric  aeid  is  combined  with  the  oxides  of 
bDobalt,  zinc,  iron,  or  manf(unese,  the  compound  is  best  ana- 
byndas rollowH :  A  wci^^hed  quantity  of  the  phosphate  is 
dissolved  in  lui  acid,  and  Ihr  ocid  Mhich  iinsners  best  is 
jjuuriuticiicid;  thesolutiou  i»  ttu|>cri4Utura ted  with  unimiinia. 
HHid  the  metallic  oxides  are  precipitated  by  bihydrosul- 
phnret  of  ammonia,  h.s  uiiMiUlic  sulphurets.  I^pon  satu- 
rating the  muriatic  acid  solution  of  these  phospliateit  with 
ammonia,  the  phosphate  itself  is  at  first  precipitated ;  but. 
ill  some  cades,  it  redi-ssolve»  in  the  excess  of  amnioniu.  It 
is,  however,  a  matter  of  no  imp<irtanco  whether  it  redt-«- 
aolvc  or  not;  for,  even  when  precipitated,  the  pbus]»haic 
is  completely  decompused  by  dijzestion  with  bihydrosul- 
phnret  of  ammonia;  so  that  the  resultio|;  metallic  siil- 
phuret la  totally  fn>e  from  phosphoric  acid.  Fnim  the 
weight  of  the  metallic  sulphurct  it  is  cinty  to  calculate  the 
c|unntity  of  (he  nietallie  oxide  %«hicb  existed  in  the  roni- 
ponnd.    l^c  qiiauiity  of  th:-  phoKphurir  acid  is  then  indi* 
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aitt'd  by  t)i<!  lo&s.— It  is  po&sihK;  to  aualy>ie,  ta  the  aat 
manner,  ttie  compcinnds  of  pliosphoric  artil  wiifa  the  oula 
ol'  railmiiim,  Iirad,  humuth,  «ipjwr,  silver,  and  Ofercarj.  h 
would  Up  ridiriilouii,  however,  to  aiialytie  the  oompoa^l 
u(  iihoäplioric  acid  with  the  oxides  of  lead  and  xUntlf  I 
this  process,  since  the  method  foriucrly  described  of  qn^ 
titttti\cly  ctitimaiinsr  Ihcäo  compounds  is  so  mucfa  eii^riff. 

8e}xtr(ttvm  of  Pfutsjthoric  Arid  from  the  Oxidet  tf  Or»  ! 
nriitiN,  Vrnmumf  Airh-J,  6i'r.,  by  Jh'axinn  tcUh  (.'arhomH ^ I 
Putaah. — Ttiu  L-onipouiulx  romicd  by  thn  combtnati«^! 
phospbaric  acid  with  Qietallic  oxides  whirli  are  tDca|iM  I 
ol'  pnücipitation,  either  Irom  ncid  solutians  by  nJpl»  I 
retted  hydrogen  ^s,  or  from  aiomoniiu-ji]  »obttioaikf| 
bihydnisnlphtiret  of  ummunia, — such,  for  example,  tf  Ar  I 
oxidcH  «■)'  dirümiiim,  uruiiiuni,  imd  nickvl, — are  mmtt  I 
cuit  of  oxaminatioo.  When  the  compound  to  be  ua^  I 
18  Il)»t  tbniied  by  oxide  of  nickel  with  the  )>bo^pbohcani  I 
the  üp<initt>r  niiKht  disKolve  it  in  muriatic  acid,  eato»  I 
the  solution  M*irii  ammonia,  and  art  on  it  witli  bihjdiui^  I 
pliuret  of  ainiiiouia.  Hy  tbi>(  mt-iinM  the  oxide  of  üU  I 
would  Ih"  thrown  down  ns  sulphiiret  of  nickel ;  jrl  lb  I 
process,  aa  was  obocncd  at  po^  &1,  Is  not  wiibuiii  a  I 
liiQiculties.  When  the  rompoitniU  to  be  analysed  aielhH  I 
formed  by  phosphoric  acid  with  the  oxides  of  chraUB  I 
mid  unuiiuui,  tJiis  method  ik  ultoi^ther  out  of  the  qurstia  I 
To  estimate,  tlii-refon-,  the  (|tiiiiitity  of  the  metallic  anti  | 
contained  in  compounds  of  this  description,  it  is  iiuit^  I 
to  operate  as  follows:  A  weighed  quantity  of  the  (t»  I 
pouud  is  mixed,  in  a  l»rf>-e  platimini  crucible,  with  alM  I 
three  times  its  weifj^ht  of  dry  carbowite  of  potash  oi  art»  I 
Dale  of  soda,  and  the  mixture  is  submitted  10  if^nilKS'  I 
II1C  i^ited  maHs  is  nftcrwards  treated  with  water,  ii 
which  the  rc^uliiiiß  lUcoUiie  phosphate  and  the  exoesfif 
nicaline  cnrbonnte  dissolve,  while  ihc  mctalljc  osite 
reuiaiD  undissolved.  The  precipitate  is  washed  iritli  vaie  \ 
and  weiffhed.  The  quantity  of  the  phospliimc  acid,  «bri 
was  previously  combined  with  tlie  nietullic  oxides,  is  ndi- ' 
catcd  by  the  loss. — The  precipitated  metallic  oxides  mat 
always  be  redissolved  iii  muriatic  acid  and  be  aeaia  omI* 
piiatod;  lor  (hey  commonly  cuntnin  alcaU  in  quantity  k; 


no  means  tDCunxidcratilir,  mid  M'hirh  il  iti  imposKilit»  to 
separate  from  them  by  wiishioi;.  'lltU  i.s  piirticularly  I  lie 
raxe,  nlicn  ihjä  [)ror«>K!i  in  employed  tu  separat«  ]K'nixide 
of  uraniam  trom  phosphoric  acid,  since  peroxide  of  ura- 
nium fonns  a  dicraical  compoand  nith  the  potash  or  soda 
rniphiyt-d.  Tlits  cumi>otind  must  be  dissolved  in  tmiriiitic 
»cid,  from  which  peroxide  of  araaium  ran  be  precipitated 
by  ammonia.  Tbc  precipitate  is  wuühcd  with  a  solution 
«if  tiiiiriati'  of  ammonia,  heated  to  re<ln(-ss,  and  then 
wfij;h(Hi. — Bhrzemus  empbtyed  this  method  of  sepa- 
rating pho-tphoric  arid  from  peroxide  of  uranium,  when 
cnpaged  in  the  analysts  of  the  uiinerul  eatled  I'rnnile. 

Tlic  reparation  of  phosphoric  acid  from  metallic  oxides 
can  be  effected  in  a  great  nurnbur  of  cases  by  the  above 
method  of  fusion  uilli  an  exccs»i  of  carbonate  of  [»itash  or 
carbonnte  of  Hoda.  It  i»  esseniial  to  the  sncce«»  of  the 
o[ieriition  that  the  metallic  oxidct  contuinni  in  llic  phos- 
pbates  thtM  aimlyscd,  be  perloctly  insoluble  in  carlKuinted 
and  caustic  potash.  It  is  better,  ho^vevcr,  in  most  caäea, 
I  1A  precipitate  the  metallic  oxides  by  nulpburelleU  hydrogen 
pas  or  bihydrosulpburel  of  ammonia,  which  melluHls  not 
only  effect  a  more  accurate  separation,  but  one  nhicb  ii 
arcompanicd  by  fewer  dithrultics. 

Separation  of  Phmphorm  from  Copper,  Iron,  A'ickel,  and 
Cobalt. — Th«  conip4iund.<i  of  phosphorus  with  Huch  melaJs 
AS  are  precipitable  from  (heir  solutions  by  sulphuretted  hy- 
«Iroecn  gas  or  by  bihydrosnlphuret  of  animtmta,  are  treated 
with  nitric  ticid  or  aqua  n-gia,  with  tlie  help  of  lieut.  They 
are  then  completely  dissolved,  even  when  they  contain 
much  pbospborus,  of  which  they  leave  no  residue.  The 
tioluiion  is  afterwards  treated  in  the  same  manner  as  an 
■eid  solution  of  a  metallic  phosphate.  There  are,  how- 
ever, but  few  mcials  which  combine  with  phosphorus  la 
form  pbosphurets.  These  are  chießy  copiK-r,  iron,  nickel, 
and  cobalt;  yet  these  four  mctjils  rtmiltirie  \\\i\\  phos- 
j4iorus  in  a  p'eat  variety  of  proportions.— llicpboaijhnretd 
of  (ho  metals  which,  with  the  assistance  of  an  acid,  are 
able  to  decompose  %vater,  sueli  as  iron,  nickel,  and  eoball, 
are  not  in  the  least  uiti^l  on  by  tnurialic  acid,  nut  even 
■when  licat4M]. 


!fiSB  pfiosriioRvs. 

Sepfiru/inn  of  Phatphttric  Jcid  from  the  Earths. — Th* 
separation  of  pho.splioric  acid  frum  Üic  oou-alciLlinecunlu 
in  onoii  accompanied  by  extraordinary  diflirnllies.  The 
phosphates  ofthese  earth»  »re  sosimtlarto  the  pare  eAHhs, 
llial  even  the  moHt  distingiiixhcd  chcmi^t.s  have,  and  that 
in  qiiiintitativi,'  iinulyses  tuo,  (guitc  overlooked  a  consi- 
dcruhlc  proportion  of  phosphoric  acid. 

Separation  of  Phns^hfirir  Add  from  Yttria. — Phosphoric 
acid  fomis  with  yttria,  a  compound  uhich  occum  in  naturt-. 
T«  ncparatt'  thei^e  two  substaucci,  Bkkzelius  (Pocce>- 
DoRrp's  AnnaJco,  B.  ili.  p.  2(U)  directs  ns  to  melt  the 
conipoiind  with  carbonuti.-  of  kckIii.  Tht?  mcitrd  manK  %s  xf- 
tcrwards  treated  with  water,  which  dissolves  the  phosphutc 
and  «-arbcmute  ofKiHlu,  and  ieavai  tbt>  yttria  tindi.i.solved. 

ScfiitTutiun  of  PlnKjihoric  ji  cid  from  Alumina. — Most  [Mf- 
tirularlydiflkuU  is  the  separation  of  phosphoric  acid  fma 
iiluniinit.  Tlie  phosphate  of  alumina  behiivcs  townnlit 
caustic  potash,  pretty  m^arly  Itkb'  pure  alumina,  s<\  tlial  ur> 
separation  can  thus  be  clfct^tcd.  Neither  can  phoaiAiorir 
acid  be  sejHirated  from  alumina  by  fnsion  with  carb«)nalr 
or8oda,l>e('-au.se  phosphiite  of  alumina  is  soluble  in  a  s»lii- 
liun  of  carljouute  of  »mla.  Accoi-ding;  to  JlKKZiiLlts 
(Annates  de  Chtmie  et  de  Phympie,  T.  XII.  p.  15),  ÜK 
analysis  of  this  compound  can  Ix'  successfully  pcrfunnH 
as  follows :  The  proper  quantity  of  the  c«impourni  is  fiiai 
finely  piilveriMHl  and  weighed.  It  is  then  inin»;lod  in  a 
pirttintim  crucible  with  vci-y  finely  pnlvcriscti  (Uid  port 
üilit'ic  aciil,  and  with  ciirhonatc  of  .s^cnla.  'Ilic  mixture  b 
»llerwards  exposed  for  half  an  hour  to  a  tcA  birut.  If  liw 
compound  consistH  chiefly  of  phosphoric  acid  and  alumina, 
the  miitlure  must  be  made  in  Kuch  a  manner  that  l«u 
parts  of  ÜW.  compound  Ihi  arcomjHuiicd  hy  one  and  a  half 
parts  of  silicic  acid,  and  about  sL\  parts  of  carlxinRlr  of 
üodu.  The  silicic  acid  obtained  in  the  analysis  uf  silicattä 
is  best  adapted  to  this  use;  but  if  that  should  be  »iintinc, 
liiiely-levignled  rock  crystal  may  be  eniphiyed  in  itä  place, 
and  tuiswers  nearly  as  well.  The  if(nited  moss  xa  dij^nl 
uilti  water,  the  insoluble  matter  is  filtered,  and  washivl 
with  water.  The  solution  coiitiiins  phosphate  of  soda,  and 
ibc  excels  of  carbonate  of  äoda.    The  residue  consists  4 
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silicic  arid  riimlHtivil  with  alumina  ami  soda.  A  .sniiill 
quantity  of  .tili  catcofaoda  18,  however^containci)  in  Iheäolu- 
lion.  To  precipitate  this  portion,  the  solution  is  dipeslt-il 
with  a  lilllL-  ('arlK)imtL'  u(  aumiuniu.  Tli«  smali  pn-i^ipitate 
then  produced  is  added  to  tbe  mass  nbicb  was  filtered 
from  the  aqueous  solutiun.  The  mass  i»  then  treated  Killl 
luuriatir  acid,  and  the  whole  is  evaporated  to  pcrfwt  dry- 
ncsti.  Tbu  »iliclc  acid  is  tfwrcby  n^ndm-d  innoltible,  A 
capsule  of  platinum  or  porcelain  is  employed  for  this 
evaporation.  The  dr)'  moan  is  moiKti>ue<),  in  a  ariilonn 
manner,  wiih  muriatic  acid,  and  after  some  time,  i»  treated 
with  water.  Tlie  whole  uf  the  silicic  acid  employmt  then 
RTHiains  nndis-solvcil.  The  alumina  dissolves,  and  is  pre- 
cipitated from  the  filtered  solution  by  carbonatcof  ammonia. 
If  any  other  base«  arc  present,  they  will  be  dissolved  «itb 
the  alumina.  The  quantity  nf  the  phosphoric  acid  is  com- 
monly estimated  from  the  loss,  pn>rided  the  rompouiid 
contain  no  other  arid  cai>able  of  forming  a  solnhlc  wilt 
with  sofla.  If,  however,  the  operator  wi-sbcK  ta  ilctcrmino 
Ihcqaantilyof  tin-  phosphoric  acid  byadirect  exjM-rimeiil, 
and  with  all  the  accuracy  that  the  ca.4e  adiiiit.>i  of,  he  must 
employ  the  melhmls  which  wiU  be  described  farther  on. 

The  metluid  employed  hy  FicHS,  to  separate  phosphoric 
acidfromalumina(*SL'i(WB)tiGKIt's  JahHi.  T.  Wiv.p.l^), 
is  the  following:  The  wcii^bed  compound  is  (Ujitiolved  in  a 
flOlUtioD  of  caustic  potash,  and  to  this  solution,  n  solution 
tf  silicate  of  polash  (liquor  of  Hints)  is  added.  This  pi^^< 
dnoea  m  tliick  .slimv  mass,  wliicb  is  diluted  with  water,  and 
made  to  boil.  A  stnme  prcriiiiUitK  isthi-ii  pnHluced,  Mhicli 
in  a  NJIirati;  uf  alumina  and  potash.  Thi.-«  prt;4  ipilate  is 
treated  with  muriatic  acid,  and  the  stlicciats  jelly  produced 
is  evaporated  to  dryness.  The  silicic  acid  is  then  HCparatctI 
in  the  same  manner  as  in  the  pmcessof  Bkk/ki.uts,  The 
liquid  havHn^  liix-n  filtered  from  tbc  silicic  acid,  the  alumina 
is  precipitated  hy  curlKiuatc  of  ammonia. — The  .solution 
filtcnxi  from  the  silicate  of  alumina  and  puta.sh  cuntain.H 
the  whole  of  the  phosphoric  acid  which  existed  in  the 
phosphate  of  alumina. 

Separation  of  PAosphorie  Acid  from  MagaFgia. — Pbos- 
pboric  acid  could  probably  be  separated  from  majnie.sia- 
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by  ifrnitin^  the  coiiijtiiuni!  wiili  carl>unate  of  |Kita!(h,  and 
treatiiiK  (fau  i^nitet)  m&as  with  water.  But  it  has  not  jri 
bum  (ti-tL'nnine<l  Uy  expennK-nt,  Vrbether  this  tnotbod  of 
separation  is  followed  by  accurate  rcsultu. 

Separaiion  of  Pfiosft/iorie  Acid  from  Linte,  Sarytai,  tnd 
Strantian. — The  separation  of  phospbcirir  aciH  from  lirm*, 
barytes,  niul  strontian,  i»  nrcunipiinird  by  no  rlitlic attire. 
It  in,  on  tlw  rontrary,  oaity  to  olituin  Tury  accurate  fv»iilt& 
A  weitrhdl  <|unntity  of  the  compoiinil  is  Jissolvi^d  in  aa 
Hcici,  and  that  mi»Hl  udupti'd  to  Ibis  ohjrrt  itt  muriatic  actil. 
If,  nun-,  the  phoHpliuric  aciil  iH  combiued  with  bary tpit  <Hily, 
the  acid  solulian  is  diluted  with  water,  and  the  bar^ttii  ia 
prcripitatcd  liy  Kitlphinnc  acid.  Fmni  the  weight  of  llie 
prucipitutinl  ttulpbatc  ut'  bur}'tt;ä,  it  is  cuay  tu  reckon  the 
quantity  of  liaryles.  The  (|immitY  of  the  phosphoric  acid 
is,  ill  iJiis  pKMri'ss,  to  bo  infi^rrw)  from  tin*  loss.— When,  oo 
the  coDtrary,  the  phosphoric  acid  is  comhiut^tl  nilh  »irtiB* 
tian  or  lime,  tbrn  alcohül,  instead  of  water,  is  adcU'd  lothtt 
iBuriatic  acid  sulation.  The  earths  are  al^ei-wnrd.s  preript* 
tatod  by  sulphuric  acid.  The  rc.>!u]ting  sulphates  are  tpiilo 
insoluble  in  alcohol,  and  arc  therefore  conipU-tcly  precipi- 
tated from  the  solution.  The  precipitate  is  liltt-red,  edul- 
corated with  alcohol,  and  then  ignited.  After  lErnition,  itie 
weight  is  dctermiiii-d,  and  the  quunlity  of  strontinn  or  linm 
ia  calculateil.  The  <!|tiantity  of  the  phosphoric  acid  is  e«(i- 
mated  from  the  losa. 

Separation  of  Phoxpharie  Arid  from  Potash  and  Soda.— 
Even  when  the  phosphoric  acid  is  combiDul  with  the  twi 
alcalies,  potash  and  sodn,  its  fjuanlitative  estinialiim  is, 
accoiding  to  Mitsciirrmch  fAntuiies  de  (Jtimie  ct  lir 
P/iysuftte,  T.  xiK.  p.  3ÖÜ),  still  best  effected  by  determinii^ 
the  quantity  of  the  base  by  exiK-riment,  and  inferriim  U» 
quimlily  of  thn  pbnsphuric  acid  I'liim  tlie  loaA.  The  method 
of  operating  i.t  as  folluwii :  A  weighed  quantity  of  the  pbo»- 
phate  is  diiutolved  in  water,  and  a  solution  of  acetate  »( 
lead  in  ad<Ied  in  excess.  The  pbu.<<phoric  acid  combjnctf 
with  the  protoxide  of  lead,  and  is  fully  precipitated,  even 
when  the  compound  under  analysis  is  an  aeid  phftspbate; 
becanse  the  phosphate  of  lead  is  almost  utterly  insolnfilr 
in  acetic  acid.     The  resulting  precipitate  is  filtered.    The 
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excess  f)f  protoxide  of  lead  rualit  tw  separateil  from  the 
lillered  solution  by  a  current  o(  Mulphurelted  hydrogen  gas, 
which  would  thntw  dmvii  .suljiliumt  of  lead  ;  but  it  is  brtli-r, 
liecausc  IcxM  cin^utiiätuntiul,  to  uiL\  the  solution  with  a 
fiolutiou  of  carbonate  of  anunonia,  and  to  expose  theivhole 
to  heat.  The  excess  of  lead  is  tht*ri'by  priM'i|»itiiti-d  ii.i 
rariionate  of  lead.  Tho  üolutioo  U  separated  by  lillrutiou, 
and  CTapi)rate<l  to  dryaty.<ä;  uhat  theu  remains  is  heatetl  (o 
mlnes.1.  The  result  is  a  carbonated  alcnli,  which  most  be 
wi-igbed.  But  when  the  weigbiiit;  cannot;  be  efibcted  with 
^reat  acc-anicy,  as  is  tho  case  when  the  aubstancc  is  cartm- 
■ate  of  potash,  tho  .substance  i!>  treated  with  muriatic  or 
flVlphiirit'  ac'iil,  and  the  resulting  chloride  or  sulphate  i»  eva- 
p»rate<t,  ignited,  and  weighed.  The  quantity  of  the  alcali  is 
Ihen  iTckoneil,  while  the  quantity  of  the  phonphoiic  acid 
H»  inli-rrwl  ("rum  llu-  loss.— The  preeipilution  of  the  phos- 
phoric acid  cannot  bo  so  weU  effected  by  a  solution  ol' 
«■hloride  of  barium,  ns  by  thoan?tate  of  lead;  for  the  phos- 
|ilmtc  uf  barytes  is  aot  quite  iuitolulile  in  water,  and  when 
the  subutanee  analysed  is  an  acid  phosphate,  the  üolubility 
of  (lie  ri<2inlting  phnsphalc  is  con»idenibIy  increased,  so 
that  it  becomes  necessary  to  add  nmmonia  to  the  solution. 
Tho  excess  of  bary tes  can.  moreover,  not  be  so  effectually 
removed  by  carbonate  of  ammonia,  as  by  sidphurie  acid. 
If  it  l>e  precipitated  by  sulphurif:  acid,  and  if  ammonia  has 
previously  been  luldcd  to  the  s<ilntion,  to  facilitate  the  pre- 
cipitation of  the  phosphate  of  iKirytcs,  then  a  quantity  of 
fiuiphate  of  ammonia  is  produced.  The  evil  which  hence 
results  is,  tJial  it  is  very  difficult  to  scpamtc  the  sulphate 
»f  ammonia  from  tlie  lixed  alcaliiio  sulphate,  without  suf- 
leria^  a  los.»  by  the  ij^ition. 

SeparatioR  frum  Litfiin. — Great  difficulties  attend  the 
reparation  of  phosphoric  acid  from  iithin.  pai-ticularly 
when  soda  is  also  present.  BBRZBLius(PoGCBNDotiPP*s 
Annnlcii,  li.  iv,  p.  ^7),  has  emploi^ed  the  following 
method  of  dei'omposing  these  compounds:  A  wtj^lied 
(|nantity  of  tho  compound  is  minj^Ied  ami  incited  in  a 
platinum  crucible,  with  twice  its  weight  of  carlKin;itr  of 
lime.  Tbc  melted  mass  is  caiefully  pulverized,  üihI  then 
boiled  with  water.    The-  liquid  then  contains  litae,  ^vilh 
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the  whirle  qunntity  of  (ht^  alealion.  In  tho  stale  of  carbotiaics, 
while  phosphate  of  lime  ren)»inR  iindissolvod.  The  s<^it< 
tioD  is  now  sttturRtetl  with  oxiiNc  acid,  the  oxalate  uf  lim« 
is  filtered,  the  »olntioii  i.s  t-vajinratrd  to  dryness,  nnd  ib# 
rir^-  iniifix  is  ipiited.  The  earbonatcd  nlrali  (liii.f  oliluinH 
is  next  weiglied.  If  thv  com|K>und  contain  iwda'  <>r 
)H>ta.ih,it  must  he  separated  from  ihu  lithia  by  ihc  piuc«ss 
described  at  page  11. 

Analysis  of  Phosjihatrs   contnimng   »errral    liase^j— The 
iiiialysiff  of  the  phospliutc»  birromvs  difticult,  %hpn  tbr 
phosphoric  acid  is  combined  vith  several  ba^efi  at  onct; 
unlett»,  in4leed,  tlii^mi  biisi-s  can  lie  all  pm-ipilnted  i\a  nr- 
uUiir  sulphurels,  eitliiT  from  acid  Äolutiuiw  by  sulphnrettH 
hydmg:eii  ^s.  or  fmm  nentral  Molutiims  by  bihydrottulpfanri'l 
of  ninmmiia.     A  casi;  of  ihiM  sort  is  i»rr,seti1ed,  when  the 
phosphoric  acid  is  combiacd  at  oiice^vith  a  metallic  oxidt' 
and  with  an  earth.    The  analysis  is  then  effected  as  foilowj; 
A  weighed  (juantity  of  the  compound  is  i^ited  with  car- 
boiiate  of  potash  or  carbonate  of  smlu,  and  the  is^itHl  taitss 
is  treated  with  water.  This,  in  most  casts,  dissolves  only  the 
excess  of  carbonate  of  alcali.  and  the  ncwIy-tbrnicYl  lAns- 
phateotalcali.    The  bases,  uiih  which  the  phospborii-  avii 
was  previously  combined,  reihaiu  beliind  undi.ssolvcd:  thev 
are  dtKsolved  in  mnriutic  acid,  and  separated  lu-cordinRti) 
methods  which  have  bren  already  deHcribed. — Arconlinz, 
however,  to  (his  method  of  analysing:  tlie  phosphates,  il  t* 
impossible  to  separate  alumina  from  such  metallic  oxides  an 
can  only  be  precipitated  from  neutral  solution.«  by  bihydro- 
siilphiiri-t  of  ammonia. — To  separate  the  biises  which  occnr 
to(;ether  iu  compounds  tlmt  contiun  pliojüphate  uf  limewilfa 
protophosphateor  pL-rplionpImt«;  of  iron,  Duhzklii  »(Jab* 
rcsberirht,  1833,  p.  131)  employs  a  method  which  was  6m 
rceomiiiendedby  Hi-:H8i;nKi.(tjiinbiir};h  Phü.Journ.  V.  vi. 
p.  304>),  for  the  separation  of  pon>x.idu  uf  iron  from  other 
u\idt-s.    The  compound  is  dissolved  iu  an  acid,  and  tlif 
iron,  if  in  the  state  of  protoxide,  is  oxidised  Iiy  nitric  Hf  iil 
to  peroxide.    Thercuiwn,  the  liquid  is  saturated  as  ucru- 
rately  as  possible  with  a  solution  of  carbonate  of  ammo- 
nia; or  rather,  so  much  of  the  solution  is  added,  that  a 
»liüht  precipitation  hpjiins  lo  be  produced.     The  miMurs 
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18  tlieu  buitoil.  Thp  pcnixide  of  iron  is  thereby  |)recipi- 
talcd,  while  the  phosphate  of  lime  n^maiiiN  in  .tnhition. 
Thi.i  meLhnil  iiS  E^uunded  upon  the  tact,  ihnt  the  iieulnil 
salts  of  peroxide  of  iron  are  precipitated  from  iJicir  sdIu- 
tJoiiH  by  boiliug.  But  as  a  »mull  portion  of  pi>roKi<le  of 
irou  fan  rcinitin  in  .solution,  in  conseipieme  of  the  presence 
of  a  littic  fre«;  uiitl,  it  itt  pmpvr  tu  hiUI  h  .snuill  quantity'  of 
%)f-nli  to  the  tiltcrcd  solution,  and  to  boil  it  ajcain,  until  it 
has  heciHne  so  slightly  arid,  tbat  peroxido  of  iron  can  no 
longer  rt'iiiain  diKsotved  in  it.  As  the  precipitated  basic 
.salt  of  peroxide  of  iron  has  ofteii  the  pniptiisity  to  pass 
tlirouKh  the  liltcr,  Bbrzbi.1V8  has  found  it  to  be  advanta- 
geous, to  clear  the  solution  with  a  few  drops  of  a  äotution 
of  isinglaü-s  which  makes  the  peroxide  of  iron  couglobc 
brttcr.  The  precipitated  |)croxide  of  inui  always  cotitains 
phosphoric  acid.  It  must,  therefore,  be  redissolved  in 
nitiriutic  acid.  The  solution  is  flatu^a14^d  with  aromonin, 
luid  tlie  iron  in  pr(>ripii3Lie<l,  as  snlphiirttt  of  iron,  by  hiliy- 
drofiiilphiiret  of  ammonia.  The  solution  in  wbicli  the  lime 
in  dissolved,  is  concentratrd  by  rvap<tnition;  after  which, 
the  lime  i^  precipitated  by  sulphuric  acid  and  alcoboL 

Method  of  J  »till/ fing  the  Pho$pl»<itex  which  are  inu*hibU  in 
Acids. — 111  (he  analysis  of  the  pho«phale-H,  it  must  alway.s 
Ite  home  in  »lind,  that  aUbout;h  all  acid,  neutral,  and  basic 
compounds  nf  phosphoric  acid  uro  soluble  in  acids,  yet  a 
lETcat  number  of  acid  phosphates  become  insohible  in  mu- 
riatic acid,  nitric  acid,  and  diluted  sulphuric  acid,  when 
they  have  been  heated  to  nilness.  An  insolulde  phosphate 
nf  this  description  can  be  decumposed  by  melting  u  wL-igbed 
portion  of  il,  with  three  times  its  weight  of  carbonate  of 
potash  or  carboimtc  of  soda,  and  subsequently  trealinf;  the 
melted  mass  with  water.  But  the  fullowini;  mmle  of  operat- 
ing is  le.ss  cirrumsioutial :  The  insoluble  compound  is  piil- 
verinetl,  and  a  wci$:hed  qnantity  of  it  is  placed  in  a  pretty 
large  platinum  capsule.  Concentrated  sulphuric  acid  is 
poured  itver  it,  and  the  whole  is  boiled  for  a  considerable 
time,  yet  care  must  be  taken  not  to  allow  the  c:icvss  of  sul- 
pfauric  acid  to  evaporate  entirely.  W'ater  ia  afterwards 
added  with  caution,  upon  which  I  he  compound  conipletely 
di^isolves,  provided  the  base  of  the  pliospbate  is  not  une  of 
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thcwe  «'hose  compimnitH  with  xiilphuric  acid  xk  titte 
liiaolublo  or  but  difficultly  ttolublo;  such,  forexampk,» 
protoxide  of  lenil,  lime,  «trontian,  or  l»arj-tc«. 

PrerifiitatioH  of  I'ktKcjthtnc  Acid  btf  Solutioia  <^  t^ 
Lime,  and  BaryU«, — lu  none  of  the  mcthtHls  of  scpan« 
tho  phnsjiliorir  urid  from  haseM  which  have  hilhcrU  ba 
treat4-(l  uf,  liius  it  been  mcniionod  in  uliat  noniMf  di 
quantity  of  the  pho.-§phoric  acid  cnn,  in  the  rxaniiailtlHrf 
the  phosphates,  be  directly  determined  by  expewBMi 
The  ilireot  iletenniiiation  of  phosphuric  acid  caraottr 
effected  with  such  accuracy  as  that  of  many  oihri  *i^ 
stauccs;  uu<l  the  analysis  uf  thcr  phusphatca  which  tiiM|W- 
tionalily  lelvc  the  mo«t  accurate  results,  arc  those  invM 
till'  quantity  ofthe  ba»ü  \»  AetcrtaxneA  by  experiinent,ul 
thr  quantity  uf  the  ]>lioAphoric  acid  is  eütiniaied  ErcnAi 
loss.  In  many  casi;s,  however,  particularly  wht-raapof 
nuinbor  of  based  arc  present,  it  can  bo  of  use,  to  detenu» 
the  quantity  of  the  phosphoric  acid  by  cx.perirncot-  If  tW 
base  hoM  liucn  seiutrated  from  the  phosphoric  add  ^ 
»iilphurctted  hydrogen  gaa,  and  every  trac«  uf  the  sil|iki- 
rcttcd  hydrogen  has  hcon  eKpellcd,  by  a  luuK-cunänri 
heat,  from  the  acid  Kolution  ßltert-d  fn>m  the  preci||iliii' 
metallic  Hulpburet,  thttii  the  quantity  of  tbu  phogpfcifc 
acid  can  be  estimated  as  foltows :  Tlie  solution  is  satnnu' 
wilb  amiiioiiia,  and  m  then  mixed  >viCh  the;  solution  li> 
Hail,  with  the  haxe  of  whivh  the  phosphoric  aci<l  can  &■ 
fin  insoluble  compound.  Thesnbstances  conunooly  rlioMi 
for  this  purpose  are  acetate  or  nitrate  of  lead,  chloriib«' 
barium,  or  chloride  of  calciora.  Tbc  sohitiotis  of  the  W 
salts  are,  upon  the  whole,  the  best  procipitanls  of  pl«^ 
pboric  acid;  when  they  arc  emphiycd,  it  id  proper  to  Nff- 
rate  the  solution  accurately  with  ammonia.  Wbea  tW 
acid  Molution  has  U-cn  KU|>crsuturate(l  with  amm«aii.< 
can,  indeed,  be  «till  precipitated  by  a  Holutiou  of  chlotü» 
of  barium  or  chloride  of  calcium;  but,  in  that  case,* 
phosphate  of  lime  or  phosphate  of  bary  tes  roust  bp  nid^ 
filtered,  and  uiu-it,  during  the  lilterin^,  be  c;irefall]r  A^ 
tcrcd  fVom  the  air.othcrwisc  it  can  easily  be  cuniamiMU^ 
by  carbmuite  of  the  same  earth.  It  has  buirn  alreadv  w*- 
lioned,  that  llie  pluMiphute  of  baryles   it«  not   altOftl^ 
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iitäoliitilc  ^  It  liquid  whirh  contain»  uiamuniot-tü  »aUs. 
Thi?  phiuiphate  of  lime  appeal^  tu  be  IfAs  soluble  than 
thai  of  hanti'S  in  snrh  »  Mnliition  ;  nnil  on  this  ncrniinl,  a 
üuhiliim  ctff  lilorido  uf  calcium  is  U'tttT  ailaptotl  than  one  of 
chloridu  of  tmriitm,  to  thv  pnrcipitntion  of  phosphoric  acid. 
If  the  Imirv  has  Ihh'D  separated  Iron)  thi;  ]th<)s)>lioric  arid 
liy  hilivdnisulpliiin-l  uf  aminuuiii,  tlie  soluiioii  liltrred  Irom 
the  lactallic  Mulphiiret  is  acidulated  by  inurialic  acid,  and 
in  warmed  iinlil  every  txacv  of  Kiiiphnrcttcd  hydroficn  is 
«Kp<'Uotl.  Tile  precipitated  snlphur  is  then  tUlernd,  and 
tlie  phiMipboric  acid  is  prudpitated  in  tb<!  luaiiner  descrilH^d 
above. — If  (be  Koliilion  from  which  the  phosphoric  acid  it; 
to  be  precipitated  f;unlains  carlinnntc  of  alculi,  or  even 
caustic  alcaii,  it  uiiist  be  aeidtduted  by  muriatic  acid,  and 
the  vessel  which  containA  it,  oflei  being  loosely  covcixd, 
muat  be  lU't  aiiide  for  some  time  (about  twenty-four  hours), 
to  nlTurd  (he  frtre  carbonic  acid  ait  opportunity  to  escujte. 
'V\ic  precipitation  of  pho.iphoric  acid  from  an  animuniacal 
solution  by  chloride  of  calcium,  is  best  performed  in  a 
plaK.«  which  can  l»e  eltised  by  a  cork.  It  is  (hereby  pro- 
tected from  the  action  of  atmusphcric  air,  und  tliu  pitiduc- 
tion  of  rarhnnate  of  lime  is  eilectunlly  prevented.  The 
phosphate  of  lime  iji  allowed  to  subside  properly  in  the 
llattk.  the  Kupcniatant  licpiid  Is  then  lillero<1,iind  fuially  the 
precipitate  is  brouglit  upon  the  filter,  and  edulcorated. 

Une  can  never  trll,  with  certainty,  what  is  (he  üom]K>si- 
lion  of  the  precipitates  which  have  In-en  thrown  dofvu  fnmi 
8«>lulioiiü  of  pho<tphiiti>M,  by  Kidtü  of  lead,  lime,  or  barytex. 
It  is  iherefoi«  imp4issible  to  rtM-kon  the  qnantity  of  thu 
pboKphoric  ariil,  from  the  wei<;bt  of  (he  re.sultine  precipi- 
tate. Tili.-*  i.s  jKirticnlarly  the  case,  when  pho.^phute  of 
Imryteri,  or  phosphate  of  lime,  ha»  tieen  prrcipitateil  from 
an  ammoniacal  solution,  by  chlorid«  of  barium  or  chloride 
of  calci  uMi;  for  the  preci  pilule  I  hen  consi.si.><  of  a  mixture 
of  neuinil  mid  Imsir  sidts  in  indeterminate  proportioiLS. 
The  consequence  of  thi«  is,  that  the  qnanUty  of  the  |)hu!i- 
pboric  acid  containp<l  in  the  pn-cipitates,  has,  in  all  cases, 
to  be  deteniiiue«!  by  exj>erimenl.  ThU  rxiimiualion  is 
eilectcd  in  tbe  simple  tnanm-r  which  has  been  mentioned 
above.    The  precipitate,  after  iirniiion,  is  ßret  treated  with 
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those  whoHo  eom|Hitiii<ls  with  Kulphurir    acid  are  ciiba 
insoluble  or  but  diflicaltly  solnble  ;  Hticli,  for  exaai|ik,tf  | 
protoxide  of  lead,  lime,  sironltan,  or  baryle«. 

PrecipitatioH  nf  Fkosp/ioric  Acid  by    Sotuttons  iff  Lmi. 
Lime,  and  Boryteg. — Ip  none  nf  the  mothiMis  of  sepiintaf , 
the  phoüphnric  nrUI  from  bases  which  hare  hilhcno  tm ' 
treated  of,  hns  it  been  mentioneil    in    whiit  manoer  tk 
qiianlily  ot'tbi?  phosphoric  arid  run,  iu  thi?  os.amiiutiMrf| 
the    pliMKphate.'i,   be  Hircclly   deU-nninuc)    by  cxperiaoL 
The  direct  dctcnninntioii  of  phosphoric   acid    caniwllr 
eflectcd  with  xiirh  arctirary  ns  (h»t  of*  itiiiny  oih^i  a^ 
stances ;  and  the  analysis  of  the  phosphates  »  hieb  uwp» 
tionablj  gire  the  most  Qcctirate  rcenltd,  are  thosctawbirt 
tho  quantity  of  the  base  is  determined  by  expertinent,aD' 
tiie  quantity  uf  the  phosphoric  acid  iji  cNtJtnatod  bontr 
loss,     fn  many  cases,  however,  particularly  vrheDagmt 
nnmber  of  bases  are  present,  it  can  be  of  ose,  to  dctervi« 
the  qiiuiitity  of  the  plioKphoric  acid  hy  experiment.    Ue» 
base  has  been   separated    from  tlie    phtutphoric  *dA  I* 
sulphurettiid  fayilnt^un  gas,  and  every  truco  of  the  milptl 
retted  hydrui^u  lias  been  expelled,  by  a  long-contiiMl 
heat,  from  the  arid  solution  tillered  from  Xhn  predpUiM 
metallic  siüphuret,  then  the  quantity  nf  the  pbosjilMB 
acid  can  be  estimateil  as  follows :  The  solution  i^  KatnnuJ 
vilh  ammonia,  and  is  Ihcn  mixed  with  the  solation  efi| 
salt,  with  the  base  of  which  the  phosphoric  acid  cad  fan  ' 
an  insolutile  (»>mpound.    The  solwtances  commonly  cfaoMi 
for  this  purpose  arc  acetate  or  nitrate  of  load,  rhloridtrfj 
barium,  or  c}ili)rid<t  of  culciam.     The  itolatioiis  uf  the  Ini . 
salts  arc,  upon  the  whole,  tho  best  precipitants  ttf  pbaK 
phoric  acid  ;  when  they  are  employed,  it  ia  proper  to  ati^ 
rate  the  solution  accurately  with  itmmotiia.      When  ^ 
acid  solution  has  been  suiwrsaturated   with  ammonia.* 
can,  indeed,  be  still  precipitated  by  a  solutjnn  of  diluä^ ' 
of  barium  or  chloride  of  raleiam;  hut,  in  thai  citSC,  lk!> 
phosphate  of  lime  or  phnxphute  of  l>ary tes  must  be  ruM^  I 
liltcrcd,  and  must,  during  the  llltcrin^,  )m  carefolly  iW- ' 
tered  from  the  air,  otherwise  it  can  easily  he  coDtanuatWi  | 
by  carlHiiiale  uf  ttu*  Kami?  c.>ar(h.    It  h:is  iK<en  already  ■ 
tiuiied,  that  the  phosphate  of  baryles  jh  not  lhO|(*NJ 
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inäoluble  ill  a  liquid  whirh  contains  ammoniaml  Rnlts. 
TIu-  phtMpbatc  of  lime  «pponrs  to  Ix;  U-ss  soluble  tlmn 
tliat  of  barytes  in  such  a  solution  ;  anil  on  this  acrMint,  a 
solution  olVlilnridc  orcalt-ium  in  lit-llfr  »daptt-d  tliiin  one  of 
«"liloriile  (iriiurium,  to  llir  prri'ipitiition  nf  pli«»phoric  acid. 
Ifthcbatic  ha^  l>ecn  separated  from  Ibu  pbosphoric  arid 
liy  bibydniKnIphiirul  of  anunonia,  the  •u>luli»n  lilurrod  Iroiii 
tfae  tuetidlic  Milpbiirel  ix  »cididalpd  by  iniirialic  arid,  and 
is  nnniied  until  every  tmce  of  »ulphurettctt  Indni^i'U  is 
«X|k'lled.  The  prceipilatcd  salphur  is  tben  tiltcrei).  and 
llw  plMiKplioric  acid  is  precipitated  in  the  muiuier  deseiilx-d 
■bovew— If  the  .-«diilion  IVom  wliicb  llie  phosphoric  acid  is 
1ft  be  preripitiited  cunlain»  rarlionate  of  ulcali,  or  oven 
caustic  alcaii,  it  must  be  acidulated  by  muriatic  acid,  and 
the  vi>ss«l  which  contains  it,  after  bcinc  bMvjtcIy  covered, 
must  be  set  anide  for  somo  time  (ulmut  twenly-foitr  hours), 
to  nlford  the  free  carbonic  acid  an  opportunity  to  escape. 
The  prcci[)ilation  ofpho-splioric  acid  from  an  ammoninail 
aohilion  by  chloride  of  calcium,  is  best  pert'omicd  in  a 
plass  which  ca«  Iw  cliweil  by  a  rork.  It  i.s  thereby  pro- 
tected from  the  action  of  utmoüplirric  air,  and  the  pnwluc- 
tton  of  rurbnnnte  of  lime  is  rfiertmilly  pn^ventcd,  Thn 
phoHphale  of  lime  in  allowed  to  subside  properly  in  Üic 
llask,  the  supentutaul  li(|uid  ui  tben  lUlered,  and  linally  tlie 
prcci)>itatp  is  broimht  upon  the  filter,  and  cdutcoratcd. 

One  con  never  Irll,  with  a-rtiiiiity,  what  in  llu-  eomposi- 
tion  of  the  precipitates  which  have  been  thrown  dowu  fnim 
HAlulions  of  phoAphnteD,  by  salts  of  lead,  lime,  or  barytoe. 
It  i.><  ibereloi^  ini|wirtMibIe  to  rerkcm  the  (|aantity  of  the 
pbusphorir  acid,  fntni  the  weight  of  the  resiiltinj:  precipi- 
tate. I^is  is  particularly  the  cotte,  wbcn  phosphate  of 
Iiarytejt,  or  phosphate  of  lime,  has  lieen  precipitated  f'nim 
an  nnimnnTiiral  solution,  by  chloride  of  barium  or  rhiorido 
of  calcium;  for  the  prwipitate  then  consi.m.s  of  a  mixture 
of  neiitrul  and  bajtic  sultM  in  Indetenninalc  propoHions. 
Tbe  coni44'<|urnrp  of  this  in,  lliitt  the  quunlily  of  ibc  phos- 
phoric arid  contained  in  tbe  precipitates,  has,  in  nil  e.aspfi, 
to  be  detennined  by  ex|>eriment.  Thi.-i  cTtumtiiution  ia 
«flccttcd  in  tbe  »iniple  manmrr  which  has  been  mentioned 

tiTe.    Tbe  precipitate,  after  itpiilion,  is  first  treated  with 


PIlOSPTIORtrs. 

mitphiiiic  aciil.  and  Ihm,  if  U  consist  of  pboHpborir  Mil 
uml  Imrytr«,  «itli  water.  Hut  when  protOTtide  of  lo>^<r 
liino,  Im«  boon  used  to  precipitate  tin-  phosplioric  Hi-a,Ar 
mixtiirc!  of  the  jiredpitat«  with  Kujpburic  ncid.  tniul  k 
diliilcd  witli  sj>irils  of  Mine  iiistcJiH  nf  w«trr.  Thr  nd^ 
of  tlir  rr.stillinc:.siilphiitc  it)  thra  ürtenuiiied,  and  thi'qiBl- 
tity  of  ibc  borytcs,  Itmc,  or  protoxide  of  lead  Is  cakulMol 
Knuwiii);  tbi'  w(!i)rl<t  nf  the  base,  the  operator  üncIsnA 
«ASP  the  weight  ofthf  phi^iKphorir  »cid  which  was  cunibW 
with  it. 

Qtiant'itativt  Separation  of  Phosphates  from  Sulpkffta.~ 
'I'he  qiiaiiiitnlive  c-sliiuation  nf  phivsphorir  ncid  liKiaa 
8(il]  mure  nnrertain,  when  tlie  cnmpounfl  rontains  ai 
phuric  acid.  The  sulphuric  arid  raiit  it  is  true,  br  ndf 
separated  by  the  sulution  of  a  salt  of  barytctt.  whiflll^ 
a>;eiU,  iih  hai*  bc-en  reinarknt  above,  pn'cipilutpi^  undplnn 
acid  from  an  acid  Kulutiou,  but  can  precipilHte  pbuNpb« 
acid  only  from  a  ncuh-alised  solution.  Uiit  wheo  ihr  si)- 
phuric  acid  hits  l>ccn  precipitated  by  harytes,  it  it  M 
possible,  for  the  reasoim  already  nieotitmed,  to  ttaw 
dowu  the  whole  of  the  phosi>hHte  of  harytes,  bj  sop«» 
tunitiii»  the  tillen^l  äolutiou  with  auiuiunin.  The  jni« 
quantitative  cHtiiiiation  of  Hulphuric  ucid  and  pbospbinr 
acid  srarccly  ever  succoedä,  except  when  the  acidl  in 
combined  with  nielalltc  ox.ideü  which  can  bo  precipitaM 
from  acid  sohitions  by  tiulphuiettcd  hydrtjpen  ^sm.  h 
tliiä  rase,  Ihv  compound  in  dis.s(>lved  in  nitric  arid,  lb 
solution  is  diluted  with  water,  and  the  metallic  oxidesm 
precipitated  us  metallic  sulphurettt,  by  »uljibiiretted  bi'dr^ 
fSrn  ^its.  The  soliilioii  is  tillrrrd,  ihe  free  sulphurettd 
hydmKcui.sc\pcllLtl,aiid  the  sulphuric  aciil  is  precipitate 
by  a  .toltition  of  nitrate  of  barytes.  Tlie  prccipiiatnl  s^ 
phato  of  barytes  is  weighed,  and  the  quantity  f>f  the  sol- 
phuric  acid  is  ciilcutaletl.  The  .solution  liltenil  frum  iW 
sulphate  of  harytes,  ia  now  cautiously  cvai>orulcd  lodcj- 
ncs»,  and  the  dry  residue  is  ifpiited  and  ivcijrhcd.  Thm- 
a]>on,  it  is  necessary  to  deleruiine  how  much  barytes  tbr 
dry  rctidiie  contains,  in  order  to  he  able  to  find  th«  qnu* 
tity  of  the  phosphoric  acid  from  the  Ioms  :  to  ihiH  end,  tk 
ignited  moüs  is  decomposed  by  sulphuric  acid,  and  tk 
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quoniily  «f  the  bnrytos  is  caji-ulutod  from  the  ucii^it  «f 
the  rrsultine  siilphnte  of  har>-tcs.  Great  care  must  lie 
taken,  ill  nddiiif;  th«  nitrate  «f  Uiirytc«,  tu  mid  very  little 
luure  tliiiii  nliitt  is  necessary  to  precipitate  tb«  sulphuric 
acid.  Thp  qiiuntity  of  the  excess  which  it  is  pro[ier  to  add, 
i»  ri'i^iliiied  l>y  thi-  quantity  ot'tlie  {>lios|)hunc  ucid.  W'bL-ii 
loo  much  uitralc  of  btirytcn  huM  brrn  employed»  greiit  dis- 
ndxantitgeH  are  produced.  Durin«  the  JfrniUon,  for  exam- 
ple, when  the  L'XcrBs  uf  uitrule  of  lHlrytI^H  Ik  dtM-uuigHMiNl, 
tfac  actress  of  atmospheric  nir  };ivcK  risi'  to  the  prodiictiou 
ofciLrljoualcorhiLryteft.  'thin  ijt,  uf  [rountü.  ubtuiiiMl,  after 
the  iirnition.  in  a  ütato  of  mixture  with  the  phonphalc  of 
Itarjtcs,  and  beinK  weii^bed  with  that  HiitiKtiince,  ^ivcs  an 
incorrei?t  result 

HcjiaratioH  of  Phosphoric  Acid  from  iiase*  fry  Vatuiic 
PoUuh.—\  practice  often  followed  in  the  exntiiinatjon  uf 
phosphates,  i«  that  of  precipitatiti!;  tlu*  baüe.t  by  an  exce»ui 
i>f  cau.stic  puta.sh,  and  separatinKT  tliein  thus  from  the  plio»- 
pboric  acid.  But  thti  results  aflbrdud  by  tJits  tuclho«!  arc 
juiit  as  far  short  of  accurucy  us  the  results  afforded  by 
Ireaiini;  thi*  arscniulcs  with  caustic  |>otasfa  (jiagu  i2M}.  It 
Ycry  seldom  bapiK^n:«,  iJiut,  by  the  rmpLnymcnt  uf  ever  so 
f^reat  an  excuse  uf  cuu^tic  puta^',  tlic  iihoMpluirir  acid  can 
(h:  fully  separated  from  the  precipitated  metallic  oxides. — 
Tlie  method,  too,  accordiu);  to  which  the  pbü«plioric  acid 
is  precipitated  by  the  .solution  of  a  »alt  of  lead,  previous 
to  the  precipitation  of  the  base  uf  the  phosphate,  is,  as  has 
already  been  shown  in  the  prec«dinfr  pu^ct>,  as  little  worthy 
uf  employment  here,  a»  a  simUar  prucci-s  iii  the  analysis  of 
tlic  arsenial«!»  (pa^c  2(M). 

Alelhod  of  Annlysinif  the  Pkosjikitm  and  Ht/jtophotpliita, 
— When  the  com]Hmndit  tormcd  by  the  phosphorous  and 
bypuphosphuroos  acids  with  bajics  aro  to  Le  analyse«), 
they  tiiusi,  in  the  lirst  place,  be  rnnvertcd  into  phosp[mtrj>i, 
and  then  eximiiiu-d  by  the  prtKCA^cs  which  have  ln-cn 
pvcu  above.  The  best  way  to  convert  the  phottpbitcs 
and  hypophosphites  into  phaspbatc«  is,  t»  put  a  wfighe<l 
quantity  of  the  comp<mnd  into  a  small  slialtow  platinum 
capsule,  to  |Mmr  nitric  acid  uver  it,  to  evapuratr  the  w  hole 
■to  drj-ncstt.  »nd  cauliuuäly  to  ignite  the  rcmiiindcr.    When 
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trcutrd  in  tliiM  miuuicr,  tlic  iieutml  phoapltitr«  yield 
I>hnsi>hiilr«,  wliilr  tin;   iicutr.il  bypopbosphilcs   yiHil  arJl 
pliosphateü.— The  quuiititalivc  etitiiuatiun  of  the  phoKphitM  I 
wuuid  lie  vcr^  simple,  were  it  only  nerewiary  to  dinohfl 
tlic  nmipouud  ill  wnlur  or  in  ai>  acid,  and   then  lodela-l 
iniiii:  the  quiitititf  of  the  biise  alone.      lixll  since  til  At  I 
phosphite»  contain  water,  which  cannot  be  expeUed  b*i 
gentle  heal,  ami  is  essential   to   the    cxLitence  ol"  ll««  I 
Niilt.<(,  it  lolIowH  thiit  what  is  learm-ü   liy  precipitjitiif^  1 
base  of  the  phosphites,  is  not  the  quantity  of  the  pli<M}it»- ' 
oud  acid  merely,  hut  that  of  the  acid  and  the  water  tila 
tojiether.     It  is  niK-essjin,-,  tJierelbre,  to  cuuvert  a  wä^ 
quaatity  of  the  phosphite  into  pho»phnte,  to  Bsccrtunik 
wciglit  of  the  phonpliute,  »ud  theo  to  determine  the  qu- 
tity  of  the  base.     By  this  prucesH,  tlie  operator  ItndsW  J 
murh  pliosphoric  aeid  has  been  produrud    by  o\idMiihl 
.    from  which  ho  can  riiüily  rcrkuu  the  quantity  of  iheph*'] 
phorou»  add  which  haK  Iwen  oxidised ;  and  when  be  bf  I 
thug  loiind  the  qmintiiy  of  ttie  base  and  tbc  acid  contaMl 
in  thp  p)ios|>hite  submitted   to  anatysiK,    he   infers  lAn 
must  be  the  quantity  of  the  water,  from  the  loss  »f  wei^'l 
' — The  cimijionnd»  of  the  phosphorous  acid  with  aktktf 
arc  Molublr  in  water.     The  compfuinds  oi  tlie  same  Hi' 
with  other  baäe»:  are  only  iwtlublc  in  urids. 

The  hypophosphilct  are  all  ."«olnblc  in  water;  the  bin 
can  therefore  be  precipitated  from  the  »uhitious,  andtpw- 
litiilively  estimated  by  the  usual  proces^st-s.  M'hea  Ikt 
liy|K)pho.sphHrou.>i  acid  is  combinetl  with  metallic  oxJdBl 
the  metallic  oxides  can  even  be  prcripitattKl  hy  alnili« 
provided  (hey  ho  «nch  as  nIralicK  are  cupiihle  uf  pitcq» 
tuiing.  M'hcn  eanim  are  combined  with  iho  by|>Dpb>* 
phorous  acid,  they  may  be  thrown  down  by  their  a^pfi^ 
priutc  precipituDtM,  in  thomunncrdcjicribed  in  the  rureccn 
sections,— If  the  operator,  in  analysiuK  -such  .salts,  «idii 
to  determine  the  qiituility;  not  only  of  the  acid  but  uf  tk 
water,  of  which  sometina's  the  whole,  sometimes  but  a|Kif- 
tion,  in  necessary  to  tlie  exi;4tence  of  the  suit,  Uk  nfiU 
after  which  he  laut^t  operate  is  as  follows:  A  we%M 
quantity  of  the  compound  Js  mixed  with  nitric  arid,  aol 
evaporated  tvith  it  to  dryness;  the  dry  tanHH  is  ibeu  igaitd- 
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The  hy|H>phusphoroi)ii  «cid  is  (hprchy  oxidi«eil.  Thn  Com- 
pound in  now  wcielict);  iiftcr  which,  the  quaiitily  of  iu 
bodc  is  deLcrniincd  o\pc-rinten1ally,  aod  the  quantity  of 
iho  phosphoric  acid  ptXNiuuod  by  the  oxidation  of  iho 
liyhophiKsphilt!  is  rrckoniH)  from  the  Iosm.  Wheii  thu 
quuniiiy  of  the  phosphoric  iicid  ha»  bvvn  thus  asccrtuiiicd, 
tfautol'tbu  bypopliu.sphuruu»  ucid  wlUth  8cr\'ed  to  produce 
it,  in  Ivamed  by  cfllvulatioii.  The  quantity  of  the  water 
ComlailHMl  LM  the  liubätunce  exaniinoi)  is  imlicat4>d  l)y  ih« 
losf.  Iltit  ill  oprratinj;  in  this  inanticr,  wo  »tumble  upon 
a  singular  dil&cully.  Ttie  h.v|H»ptiosphites,  when  treated 
with  nitnc  acid,  arc  converted  into  aoid  pbocphntcs.  The 
liiliir,  iil'tur  ignition,  iM^comu  insoluble  in  muriatic  »rid, 
and  are  consequently  difficoll  of  <U;(  onipciHitirtn.  To  render 
theui  Nolubic,  it  is  noct:.ssury  to  ireut  them  with  »sulphuric 
acid,  in  the  manner  which  hai  been  described  nlwve.  Or, 
lo  prevent  ihediHiculty,  the  hypophosphite  lo  he  analysed, 
may,  before  hv'tnfi  cx|>osed  to  the  action  »f  nitric  acid,  bo 
mixefl  Milh  a  weighed  quantity  of  base. 

S^'paration  of  Phosphoric  Acid  from  Phofjthvrona  Acid  or 
HjffMp/iMj*hm-oiu  Ai-itl. — When  phosphoric  acid  und  phofl- 
phomuH  ucid,  or  pbojiphorie  ucid  and  hy[)ophosphor<niH 
acid,  arp  contained  together  in  n  sobition,  and  the  quantity 
of  each  ik  to  Im.-  determiucd,  tbc  uiieration  can  l>c  accurately 
effected  a«  follows:  The  sola  lion  is  poured  by  dcfrrccs 
and  in  »mall  qnautiticH,  into  a  solution  of  {K>rrhloridu  of 
mercnr\*,  which  must  tie  fully  .■iaturaic<l.  Tlii.t  caution  in 
necessary,  because  if  a  Innre  quantity  of  the  acid  solution 
under  examination  were  to  be  )>oured  at  once  into  tbc 
sioiution  of  pi'rcbloritlv  of  mercury,  or  if,  on  ttie  contrary, 
thu  latter  üohitiou  »ere  to  be  poured  into  the  former,  then 
ibo  mercury  could  bo  ea:<ily  separated  in  the  metallic  state, 
an  occurrence  which  mu.st  Ik  purticularly  cuardnl  a^'ainaU 
When  the  operation  is  priijMTly  pprformwl,  there  kooii 
liefpn»  to  fall  down  a  precipitate  of  proiocblurlde  of  mer- 
cury, exhibiting  the  splendour  of  mother  of  pear);  this 
pmripitate  eniduully  increases  in  quantity;  yet,  it  id 
uecessary  to  cx|h>so  the  solutiwi  to  a  warm  di|;^cstion  for 
a  great  number  of  day.«  together,  as  the  protochlnridc  of 
mercury  ilor.i  not  olherwiM}  completely  precipitate.     Tlie 
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protdditoridc  ol'  mercury  ia  then  }rathcrc<l  upon  a  trci^l 
filter,  and  dhc<t  by  exposure  to  a  moderate  heat  miidil 
ccuscii  to  loso  weight;    its  weight  is    then  finally  ddff-l 
mined.     From  the  vreight  of  the  reKtilting^  protocbloridcrfl 
mcrniry,  it  is  riusy  to  calciiliite  bow  much  oxygea  bu Un  1 
taken  ii|)  by  the  pbosphorou»  or  hy{K>pho:iphorotts  arid,1i  I 
effect  itri  cotiversitm  into  phoi^phoric  acid  ;  bence  the  quo.  I 
tily  nf  tike  pliosphorou^  or  bypopliosphorou»  acid  «uilr  I 
readily  inferred.     The  Hitid  qiiiintity  of  oxygen  iü  r^atri'  I 
lent  to  the  quantity  of  chlorine  contained  ia  the  pn4^  I 
cliloride  of  mercnry ;  for  thv  iH-rchloride  uf  memuj,«  I 
ticing  converted  into  protoclilnrtdc  of  mercury,  lo»etpt-l 
ci.sely  llie  hiilf  uf  it.s  chloriiir. — Another  qunntity  «fivl 
liquid  for  analysis  is  treated  with  nitric  acid  and  a  wd(M  J 
quantity  of  protoxide  of  lead,  precisely    ia    tiw  mann 
which  hiiji  bfcu  dewribt'd  at  pajre  240.     The  object  of  d»  1 
operation  is,  to  determine  the  quantity  of  the  phctspbom  I 
acid  which  is  either  already  formed  in  the  »olutioo,  otca  I 
he  pmduced  by  thu  pliospborous  or  hypnphosphoroiuiau 
it  coiituiiLS,  lit  the  expcnJ^e  of  the  nitric   acid  uliicb  f^A 
DiKhca  the  requisite  oxygen.     A.s  tlic  operator  teanis,fiaa 
the  first  operation,  how  much  phosphoric  arid  is  prodoorf 
by  the  phosphorous  or  by|>ophot>phoruus  acid  of  tbciob- 
tion,  be  has  nuly  to  drdnrt  this  fruin  the  ^-bolc  quaDtiljd 
phosphoric  acid  indicated  by  the  second  «iperatiou,  tu  löo 
the  actual  proportion  of  phosphoric  acid  contained  in  ik 
liquid  subiiiitliHt  to  anatviii-t. — This  mcihr^d  is  adapte^lf  ' 
the  analysis  of  the  acid  produced  by  the  deliqucücenrrn' 
phosphorus  in  nioiiit  air.     It  never  happcti.s,  that  the  üan 
acidd  of  phosphorus  are  contaim-d  iu  Uic  same  solutiML 
und  have  I»  he  individually  o>iliiiiated. 

Separation  of  Phoiphatrs  from  PAasjtAite-»  or  Bymi» 
pkUes. — When  compounds  of  phu.sphalcs  with  phospkiu 
or  bypophfiBphites  arc  to  be  txamiucd.  Ihcy  must  bcdis- 
solved  in  water,  or  if  not  soluble  in  water,  in  muriatic  acil 
The  soluiiun,  in  the  first  case,  must  be  acidulat«]  tij 
muriatic  acid.  The  operation  is  then  proceeded  witluii 
the  maimer  just  described. 
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Separation  of  Silicic  Acid  by  Etaporatton. — The  quantity 
of  Nilicic  arid  contained  in  an  «Icaline  or  acid  Holiiliitri 
can  be  determined  by  only  one  method  :  This  consists  in 
cvapomtinc  the  solution  to  perfect  dryness,  to  render  the 
silicic  acid  insulublc.  When  the  solution  is  alcalinc,  it 
must,  previous  to  the  eviiporation,  he  iicidiilalnl  by  nniri- 
iitic  iicid.  The  drymnss  is  »ftcrwnrds  treated  «ilh  water, 
upon  which  the  silicic  acid  remains  undissulrcd.  It  is 
Altero<),  edulcorntcd,  and  ignited  in  a  platinnm  crucible. 
Before  il  is  suliuiitted  to  ifjnitio»,  however,  it  must  bo 
rendered  completely  dry;  otlicnvise,  it  is  liable  to  prx»- 
tliico  dust,  in  cunsctiucncc  of  which,  a  portion  of  it  mif^t 
very  easily  b«  lost.  The  platinum  crucible  which  con- 
tains the  silicic  acid,  must,  when  the  ignition  is  limshud, 
Ik:  immediately  cciveretl  with  a  cover  which  shuts  close. 
Whcu  it  lias  become  cool,  it  is  wci^^hed.  If  the  i^rnitctl 
silicic  acid  is  allowed  to  cool  in  n  crucible  without  a 
cover,  it  attracts  moisture  from  the  air  quicker  tbao  most 
other  pulvenilent  sulsatance». 

A  variety  of  comjmunds  arc  fonned  by  silicic  acid  with 
other  oxides.  Some  of  these  arc  very  easily  decomposed 
by  stronger  acids,  while  others  withstand  the  action  of  the 
most  powerful  acids.  The  method  of  analysis  is  quite 
diflercnt  with  those  compounds  of  silicic  arid  which  arc 
easily  decomposed  by  otlier  acids,  from  that  of  those  which 
arc  not  attackable  by  acids.  A  list  of  native  compounds 
of  silicic  arid,  in  which  those  that  are  decomposable  by 
acids  are  distinguished  from  those  that  cannot  be  so  de- 
composed, has  been  given  in  the  first  part  of  this  work. 

Decompotitxon  of  Silicate*  by  ^eiVfa.— The  analysis  of  the 
silirales  which  are  decomposable  by  acids,  is  much  simpler 
than  that  of  the  other  silicates.  The  analyst  commonly 
employs  pretty  concentrated  muriatic  acid  in  the  decout- 
positiun  of  these  compounds.  II  is  only  in  particular 
cases  that  nitric  acid  is  taken  for  this  puqmse;  and  still 
scMomer  that  sulphuric  acid  is  u.<h:i1.  Althoutdi  most  of 
the  siliceous  compounds  aic  capubk  of  bclui;  dccomiH>sed 
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by  sul^titirii:  uciil,  when  finely  |julverisod  and  difMil 
tiitrewitb,  yet  we  make  but  little  use  of  siil|ihuric  atii» 
a  uülvunt  ofäilicates,  hocause  its  ctnpIo^incMit  is  ultaM 
with  a  variety  of  disailvanliL^eA,  wbicli  will  benaAali 
taken  iiilu  conHidtrratiuii. — Ttic  sib'ceou»  compoutid  l*k 
examined,  is  Jjucly  pulverised  nithout  the  additioa  tf 
water,  and,  in  order  that  a  p<irtioa  of  it  niay  be  aoctuifel) 
tvci^lipil,  is  wamictl  vurj'  tili^htly,  in  a  counlcrptiid 
plutinunt  crucible,  »hieb  it«  beated  io  the  best  auma 
wbcti  placed  in  tUc  pip«  of  a  healed  »tovc.  The  apenAf 
niuKt  bt'rHl)y  he  particularly  eareful  to  avoid  usitigabM 
exceeding  tbnt  of  boilini^  water,  becauKO  many  oftlK» 
cumpuundN  contiiiit  wutvr  or  otlier  vohitile  coiutitocn 
wtiich  in  such  circumatances  would  in  port  bo  «I  s 
liberty.  Besides  this,  the  ^ater  part  of  ^ucb  ccmpmaA, 
when  deprived  by  heat  of  dieir  volatile  r«>n8littiKits,  ai 
DO  lonG;er  capable  of  being  diitsolvcU  by  ucid».  l)i 
weighed  portiou  of  the  pulverised  compound  is  ptsM^  ■ 
a  f;la.<ui,  which  can  be  elosely  Rhut  by  a  jflass  plale ;  tt  i> 
therein  mixed  witli  uiuriaiic  acid.  The  dilR-reot  cam- 
pounds  of  silicic  acid  are  diflcrcntJy  decomposed.  Will 
many,  the  decomposiliou  takes  ]>lncc  almost  instaota» 
ouxly;  the  uilicic  acid  sepantle»  in  the  state  of  a  jdh. 
and,  if  tun  f^eat  a  quantity  of  muriatic  acid  has  not  ben 
used,  absorbs  all  the  acid,  and  forma  a  swelled,  gctatjoMs 
dry  mass.  Other  compounds,  though  also,  when  b  i 
lincty  pulverised  stale,  easily  clccompo^tcd  by  molialic 
acid,  ^ive  up  the  silicic  acid  in  the  NULte  of  puwdcr,  ai 
form  no  jelly.  Other  silicates,  ag^in,  arc  decompe«ed  ^ 
muriatic  acid  with  diflitndly,  and  muHt  ha  rxposed  tuik 
actiuii  in  a  very  finely-divided  condition,  and  bo  obUp' 
to  undergo  a  long  di^«tion,  witli  the  nid  of  facftt,  befoR 
the  decomposition  is  effecteil. — The  ducompoaed  gdaO- 
nixed  compound  is  first  treated  with  a  liitlo  water;  At 
silicic  neid  then  separates  in  li^ht  floekä.  Before  (Utvrii< 
it  from  the  solution,  the  operator  must  examine  wbtibet 
the  acid  lias  decomposed  the  compound  completely.  V» 
ia  ascertained,  in  all  cu.sc:t  wbrre  coniimundH  uf  silicic 
are  decoiuposcii  by  acids,  in  a  very  simple  manner:  i 
glass  rod  is  rubbed  agniuül   the  bottom   uud   sides  oflbt 
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vp88el;  if  this  produce  n  croaking  simiiar  to  that  wbicb  is 
lizard  nbi-n  Cioe  sand  Ls  rul)li(>cl  l)(<(w«(]ii  two  pk>c«ji  <ii 
glass,  it  indicatt'3  thnt  tlie  compound  is  not  yet  fully 
decompotted,  siocc  tlic  creaking;  in  produced  by  the  undc- 
coiu|K>N«d  mineral  powder.  It  will  alxo  be  founil  in  Ui^ho 
caseM,  lliul  a  Ii«;iv\  jimvilrr  lies  umler  the  (IocLk  i»l'  silicic 
nt'id.  Tlic  liquid  rnu8t  then  be  poured  oil' while  tlic  silicic 
ttcifl  iä  in  tiUKiicntfiün,  und  Üie  itndi'cuiuposod  powder  tuiist 
bu  treafe^l  with  u  new  quantity  of  mnriatie  acid.  Wheu 
orcurriitg  iu  the  analysis  of  coutpouuds  which  arc  easily 
decompiutetl  by  »rid»,  thi.<i  undLt'umjMüed  powder  can  in 
niotit  cjuieä  be  held  to  proceed  from  foreign  suhälanoes, 
cueloscd  in  the  silicate  and  not  sunceptible  of  doconiposi- 
liim  by  nrids.  In  tbis  rii.se,  the  powder  is  ropealedly 
wa&hcd  witli  water,  and  iho  lighter  .silicic  acid  i»  poured 
«iff  with  ciich  ]H>rtiiin  of  water,  so  that  at  lust,  tlio  nnde- 
composcd  puwderrcinnins  alone  in  tlicvesscK  The  opera- 
tion is  very  easy  of  perfonnanee,  iiud  does  not  require 
much  habitude.  The  foreign  substance  is  thereupon  drietl 
ill  tJi«  tei-icl,  and  Ls  lU'tcrwards  weiphed;  the  vvciKht  i.s 
dcdwrtcd  from  that  of  the  portion  of  the  compound  sub- 
mitted tn  analysis. 

The  silicic  acid  ia  filtered  and  washed.  Ilit-  water  run» 
but  slowly  through  the  filter,  yet  the  washing  uc^  not  on 
that  account  Ire  long  continued,  because  in  this  case,  the 
silicic  [tcid  is  easily  w:ujhe<l  clean.  .\Aer  tbe  washing,  it 
is  well  dried,  and  then  beatud  to  reduess  in  a  ronntcr- 
poised  platinum  crucible;  ininiedinlely  aßer  ignition,  the 
crucible  is  cluMcd  with  n  giHKl-shiitting  cover,  itud  is 
Weighed  witb  the  silicic  acid.  In  this  manner,  however, 
V«  du  not  obtain  tlio  M'hole  of  the  silicic  acid  which  was 
Contained  in  the  comiKiund  subniitled  to  examination;  a 
Tcry  suinll  portion  of  it,  not  e.vcceding  1  or  1^  per  cent., 
reruains  dUsolvcd  in  the  acid  äolutii^n,  and  is  sulwc-qucntly 
precipitated  with  tbe  other  constituents  of  the  silicate 
which  are  aJsu  still  iu  solution. 

It  is  a  custom  with  some  analysis,  after  the  derompoai- 
iion  of  a  silicate  by  muriatic  acid,  to  evaporate  the  wholu 
mixture  to  dryness,  and  having  thus  i>x|>elled  the  execs« 
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of  inuiiatic  ncid,  to  treat  the  dried  mass  with  w»ier,  aud 
Sil  leave  the  whole  «f  the  silicic  »eld  undissolved  behiDd. 
Tili»  method,  however,  is  iti  most  cases  inadeqnale  tu  tbe 
pur|>o.sc.  There  remain:;  iiidccd,  af^er  the  operation,  a 
fnvater  quantity  of  Hilicic  ucid  undissolved ;  nevertheless, 
a  very  small  portion  of  it  redissolves,  and  liiis  is  particti- 
Inrly  the  chsc,  when  the  dried  m<uts,  hel'ore  bein^  dissolved 
in  wuter,  is,  as  it  Ksnertilly  must  be,  and  as  will  be  ex-, 
plnined  further  on,  first  treated  with  mtiriatic  acid.  Hioee, 
then,  the  nliole  of  (he  silicic  ucid  diK>s  not  rest  undis- 
solved, but  small  portions  of  it  have  still  to  be  separated 
ill  the  course  of  the  analysis,  this  opcnition  of  rvap«>ratin« 
to  dryness  is  unnecessary  and  ou^ht  to  he  avoided,  Q»t 
only  because  it  is  li-oublesuitie  to  ptTt'orni  but  because  it 
can  very  easily  occasion  a  logs.  Moreover,  by  the  evapo* 
ration  to  dryness  of  the  acid  solution,  it  is  possible  totally 
to  drive  away  many  volatile  cousliliienis  of  the  comprHiiMl 
under  oxaminatioii.  Many  chemists  who  have  analysed 
compounds  of  this  kind,  have  entirely  overlooked  certain 
substuiices  wliich  were  volatilized  during'  the  evaporation 
of  tlic  solution.  The  analy.-st  ^liould  never,  on  this  ac- 
count, expose  the  compounds  which  are  easily  decom- 
posable by  muriatic  acid,  to  heüt,  hut  only  dij^est  tbtm 
cold.  Warm  di^csliou  is  employed  only  witli  substances 
of  more  diificult  decomposition. 

lyeatmenl  of  SUieales,  the  Jiates  of  which  are  insoivble  in 
Muriatic  Acid. — As  most  of  tlie  oxides  nbicb  occur  in 
combination  with  silicic  acid,  are  easily  soluble  in  mitri- 
atic  acid,  they  are  found  in  the  ucid  solution  \vUicb  is 
liltered  Ijrom  the  undissolved  silicic  acid.  If  tlio  com- 
pound contains  protoxide  of  lead  or  oxide  of  .-»ilver,  it 
must  be  decomposed  by  nitric  acid,  and  not  by  tuuriativ 
acid,  otluTwtsi*,  a  ^reat  part  of  the  chloride  of  lead,  and 
all  the  chloride  of  silver,  would  remain  undissolved  with 
the  silicic  acid.  The  compounds,  however,  which,  t>n 
heinji  decomposed  by  acids,  produce  a  jelly,  never  contain 
tliesc  two  oxides.  The  protoxide  of  lead  and  oxide  «f 
silver  arc  gonfrnlly  iWnnd  in  factitious  compounds  only, 
such,  for  example,  as  many  k1uzc.-$.     These  sui>sta[iccJ, 
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rcdnrtMl  to  n  very  linely  pnlverisod  state,  can  Iw  totally 
(locotnposcil  l)y  uarm  (Hgestton  in  nitric  acid. 

Pmgrext  of  the  Aviiltfu'm  iif  SiJicritea,  after  the  Sep^raftoit 
of  the  Silicie  Aeid. — 'Die  substances  remnininK  in  the  acid 
solution,  which  has  been  filtered  from  the  silicic  acid,  are 
Nrpnnitcd  accordinR  lo  the  methwls  which  have  been  cir- 
cunistuntiiilly  ilcj*rrib<'(I  in  iJic  prwcding  pities.  The  pro- 
cedure most  generally  tbllowcd,  in  the  analyses  or  such 
i-ompotinds  of  silicic  acid  as  occur  in  nature,  is  this :  When 
the  silicic  ucid  \ihs  been  se|i»ratod,  tlie  acid  milutio»  is 
neutralised  will)  aiiinionin,  and  a  little  aiumonia  is  added 
in  excess.  Hereby,  alumina  and  peroxide  of  iron  arc 
coin|>letely  precipilated ;  they  are  acconi|>anied  by  small 
rinaniities  ot'matrne.sia  and  protoxide  of  niaii^auef^.  These 
Nulxstiincrs  arc  separated  from  one  another  in  the  manner 
which  hits  been  described  ut  page  (!3.  The  li()uid  is  filtered 
from  ihe  preci]Htulf,  and  the  lime  which  it  may  contain  is 
.separate«)  by  means  of  oxalate*  of  ammonia.  If  now,  nei- 
ther muinieKia  nor  protoxide  of  niang:aneKC  Ik*  pn-.M.-nt.  the 
quantity  uf  any  Gxed  alcidi  can  be  determiucd  by  cvapo- 
ratinf:  to  dr^'ness  the  solution  wliicb  is  lUtcrcd  from  the 
h  precipitated  oxalate  of  lime.  ThcdrymasKalforded  by  the 
'  cvajKiratiiiu  must  lje  expose«!  for  sotnc  time  to  a  beat 
approaching  to  re<lness;  whereupon  the  muriate  of  am- 
moniii  juirl  the  oxalate  of  ammonia  rolatilizc,  while  the 
lixe«!  alcali  remaiiui  behind  in  the  slate  of  chloride.  When 
the  alcali  is  accompanied  by  magaesia,  the  detenuination 
of  both  i.s  more  difficult ;  it  must  be  effected  after  the 
.  method  which  has  beeu  circunistautiully  described  at 
page  39.  AV'bcn,  however,  no  alcali  is  present,  the  quan- 
tity of  maimesia  is  determined,  after  the  separation  of  the 
lime,  by  trcatin{|!  ilie  solution  uitli  carbonate  of  potash. 

Srparatioa  of  tiilieic  Add  from  rariout  Precipitates. — 
Here  it  is  to  be  recalled  to  mind,  that  most  of  the  sub- 
stances sepanded  in  the  course  of  this  analysis  contain 
very  small  quantities  of  silicic  ncid,  which,  if  the  analysis 
is  to  be  accurately  performed,  must  b<^  separatwl  und  esti- 
mated. To  this  end,  the  different  precipitates,  after  they 
have  been  heated  to  redness  and  weighed,  arc  dissolved, 
separately,  in  muriatic  acid.     In  every  case,  tltc  small 
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to  observe  the  {ncroaso  of  weight,  tu  learn  how  mnch  «t 
hnve  hcrii  ahnidrd  from  the  a^ntc:  mortar.    Hut  this  opvi 
lion  is  very  ilifiirult,  iuit]  liui  SL-ldom  be  |wrformccl  wit 
accuracy.     It  is  better  to  triturate  the  coarse  powder  in 
little  niortnr  which  has  been  previously  cotmtcrpnisec)  in  < 
halanre,  wherein  lurjre  quantJticH  can  be  weighed  wiihl 
accuracy.     If,  after  the  opcrntioti,  the  mortar  wcijrb  mtravrj 
what  less  than  before,  the  dift'ercuce  wilt  b&ve  arisen  ßroii 
the  loss  oT  atrnte  by  abrnston.     As  a}<:ate  con.tt.tt.s  almail 
<>nlirL-ly  of  pure  silicic  acid,  the  operator  has  only  sul 
quently  to  deduct  tlic  weight  of  the  nhruded  agate  from  tli«] 
wcii^rht  of  the  silicic  acid  obtained  in  the  analysis,  and] 
tliereby  from  the  weight  of  the  silicate  submitted  to  cxamt-'j 
nation. 

The  operator  places  aa  much  of  the  Unc  powder  as  tt  hi 
been  determined  to  analyse,  in  a  little  counterpoised  pla(»*| 
nuni  cnicible,  and  drie.s  or  iKiiitcs  it  until  it  cca.>;es  to  lose 
neif^ht ;  when  he  ha.s  reached  thii>  point,  he  determines  th« 
wcig:bt  of  the  powder.  If  the  substance  contains  protoxide 
of  iron,  or  any  otlirr  oxide  capable  ofbcinE;  altered  in  ilij 
uimiposition  by  exposure  to  a  rod  heat,  the  powder  must^ 
not  be  ignited  belbrc  it  is  weighed.     It  can  only  be  dried. 
The  weigrhcd  powder  is  carefully  shaken  into  a  larger  pia* 
tiiiura  crucible;    after  the   Iransfi-'rL'Ucc,    an  exceedingly  i 
small  quantity  of  the  powder  stUl  remains  in  the  little  j 
platinum  cnicible,  which  must  afterwards  be  again  weighe<L  J 
It  will  generally  be  fouud.  that  the  little  cnicible  retatnai 
less  than  a  grain  of  the  powder;  bnt,  whatever  the  wei^ti 
may  be,  it  is  to  be  deducted  from  that  of  the  {wwdcrj 
weighed  for  analysis. 

Th(!  minora!  pfiwder  in  the  large  platinum  crucible  a ' 
now  vKry  can-fully  mingled  with  thn*  and  a  half  times  tici 
four  times  its  weight  of  pure  carbonate  of  potash,  wbicfaj 
must  hnvc  been  previously  pulverised  in  a  warm  mortar«  i 
The  misLing  is  perlbrnied  witii  the  help  of  a  siuaU  dlas»« 
rod,  and  must  bo  continued  unlil  the  mixture  ia  rendcrt'd' 
extremely  iulimat«,  and  no  little  lum]x<t  of  {Kiwder  can  «u; 
when;  he  perceived ;  yet  the  operator  must  not  be  too  lout 
occnpied  in  making  this  mixture,  or  the  carbonate  of  pota^b 
will  becomo  moist.     The  ]>onder  which  remains  banginfl 
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about  tlie  kIi^^  rod  tniut  be  carHully  wiped  ofT  witli  a  dry 
fen tfacr.— Instead  of  carbonate  of  potash,  the  caibonatc  of 
soda  can  bo  ciR[)Io}ed  in  this  opi>rH(iuii ;  yel  only  nheit  the 
silireous  coat  pound  coulaiiis  uo  ma}rn(>.<iiii,  iHuraime  thi-  pro- 
iMrmc  of  soda  can  easily  produce  erron,  when  the  quauti- 
tativ«  dctcnniniitioo  of  tna^cnia  is  to  take  place. 

When  the  mixture  is  made,  the  cruciblo  is  closed  with  a 
cover,  and  placinl  amuni;  chnrcoal  in  u  wind  turnace-  In 
the  beginning  it  is  beat  to  apply  a  ^entlu  firu,  which  must 
MMin  be  increa:iod,  so  that  the  cmcible  may  remain  exposed 
to  a  red  ht-at  for  hall'  an  hour,  or.  indeed,  for  a  fidl  hour. 
A  platinum  crucible  is  very  liable  to  Ik  injured  when 
heated  to  rwlness  immediately  in  contact  willi  iharroal, 
as  it  becomes  hedt^rked,  es|MH'iiilly  on  (lie  cover,  with  a 
nu-lted  majis  produced  by  the  »ihcic  acid  and  oxides  con- 
tained in  the  aahes  of  the  charcoal,  and  wLich  is  difficult 
to  be  clcancii  off.  To  provide  agaiust  this  evil,  the  pla- 
tinum crucible  is  to  be  placed  in  a  lic^^ian  crucible,  whieb 
cao  be  closed  with  a  cover.  This  Hessian  crucible  must 
faav«  a  rylindriral  form,  and  not  be  of  the  common  conical 
shape.  'I'lii.s  method  presents  iilw)  unatber  udviinlaKC, 
namely,  Ihut  the  platinum  crucible  doeä  nut  full  over  when 
the  fuel  is  burnt  out. 

According  hh  the  .tulwtattce  under  examination  containii 
more  or  less  silicic  acid,  the  mass  in  the  cnicible,  after 
l>eing  treated  M-ith  a  certain  uniform  quantity  of  curbonato 
of  potiLHli,  is  found  cither  completely  fused,  oi  only  soft-' 
encd  to  a  conKlumerale.  [f  the  compound  contain  manira- 
nese,  tlie  mitss  has  either  u  bluish  preen  or  a  crt*n  colour, 
according  to  llic  prupurtimi  ol'  manganese  cuutuined  in  the 
mineral.  The  operator  inverts  the  crucible  over  a  g''*'^» 
und  endeavours,  by  t;cntly  bending  and  prenitin^  the  sides 
uf  the  crucible,  to  break  the  ma»s  loose,  and  to  shake  il 
into  the  iflas«.  This  succeeds  very  well  when  the  crucible 
contains  a  mere  coiiglouiurate ;  in  such  a  case,  the  mass 
generally  loosens  from  the  crucibte  iu  a  single  lump.  It 
tlocx  not  answer  so  well,  when  the  mixture  is  melted 
tof^eibcr;  in  that  case,  a  great  quantity  of  the  compound 
rcmaiiu  in  the  crucible,  in  spite  of  the  bcudiog  and 
pressin<if.     This  remainder  must  be  soHeued  by  water,  and 
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trarDifpiTi;!]  into  ttw  |i;lasti  Ity  wa<ihilig,  niüi  as  mock  acm- 
nu-y  as  putt^fible.  The  la^t  portions  of  Ihr  fiucd  mmat 
which  rt.-main  fixed  in  the  cracible,  notwithstnndinp  the 
waÄhing  \*ith  water,  must  bo  treated  with  (iiluled  muriatic 
acid,  which  easily  loosens  them  fmm  the  cnnciblr.  Il 
uoiild  altun  he  possible  1u  hiinc  hirjrcr  portions  of  the  muss 
nut  of  th«^  (-nicililr  more  c-u»ily  \ty  uiuriatic  arid  than  by 
mere  softening  uilh  water.  U  is  neccäSAr)',  bovrever,  10 
he  very  cautioiirt  in  UHin^  (he  acid  for  thii«  pur|>usc,  for, 
wlien  too  great  a  quantity  is  saddonty  added,  a  Ktron^ 
eflervescence  is  occnsioned  by  the  rxiricalion  of  ciirlMWiic 
Mcit)  son,  which  can  very  riisily  »ccasiun  n  loss.  It'  the 
fluted  müAS  rnnlainK  inuii'^anrxc,  cerium,  or  cliroiuimn, 
Dtithiae  but  water  must  be  employed  to  soften  it  in  the 
phiticium  eriieible,  iKTuune  tliu  hif^u-r  oxides  of  these 
nu*t:ds  disen^ra<;e  chlorine  from  the  muriatic  arid  ;  inrou- 
sequcnce  of  tthich,  the  plntinuio  cnidble  would  be  üaUe 
tu  be  corrodrd. 

llic  fu«L-d  mAss  havioff  been  wa»bcd  into  u  glasa,  llie 
liquid  miiNt  he  rnuU-reil  ;irid  by  the  addition  of  muriatic 
acid.  It  i.>i  necessary  U>  p4-rfi>nii  this  openition  vrry 
taiitiouxly.  Care  must  be  taken  to  avoid  the  prodnrtiun 
of  too  violent  an  eflbn'e.tcence,  by  adding;  the  muriatic 
arid  in  very  small  i>ortions.  When  the  stron;;  elfenw- 
cenec  bus  finished,  the  eines  is  to  he  allowed  to  rrpoiäc  is 
a  warm  place;  after  underjioiiiK  a  saffiricntly  Innjf  diieei- 
"tion,  the  wliole  will  he  deconiiM»se<l.  A  great  part  of  the 
silicic  acid  remain»  umlismdved,  in  the  stale  of  tifdit 
Hock»;  another  portion  e\i,sts  in  solution.  Il  ofien  lia|K 
pens,  however,  that  all  the  silicic  add  di.ssolves,  wliei 
the  mas-'i  is  treated  with  muriatic  acid.  This  is  purti- 
ctiliiHy  the  cnse,  when  a  large  quuiilily  (if  carbonate  of 
potash  lias  lieen  employed  in  the  fusion,  and  when  much 
water  hiis  been  used  to  WH.sh  the  mass  from  the  cniHfalr; 
more  especially,  if  the  compound  contains  but  little  siliric 
acid.  It  is  now  that  the  »peralor  has  the  first  opportunil) 
uf  learning,  whether  Iho  ttubKtaiicc  under  examinalion  bu 
been  completely  decomposed  by  the  tusion  with  farbonite 
of  potaidi.  To  determine  this  point,  a  ^lass  rod  is  rubbed 
against  Ihc  sides  and  on  the  bottom  of  the  glass  v 
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the  presence  of  underomposed  powder  is  known  by  the 
production  of  a  creaking  »ound.  The  ucid  solution,  with 
tile  »cpiinitrd  silicic  acid,  is  i^viipomtrd  to  drvni-»»;  the 
operation  can  be  pertbnned  in  a  platinum  capsule,  or,  for 
wanl  of  thsit,  in  a  porcelain  capsule.  When  manf^ne-se, 
oeriiim,  or  chromium  \a  pn.>.sent,  the  solulton  miiKt  always 
be  evaporated  in  a  porcelain  capsule.  The  evaporutiou  in 
allowed  to  take  place  on  a  sand  bath,  with  the  aid  of  a 
rer^'  ^eutlc  hciit.  which,  especially  towards  the  end  of  the 
oiHTfllion,  muKt  he  very  moderate  and  well  rc^snilated.  The 
Inlnilous  paper,  with  which  tlie  capsule  must  tie  covered, 
to  prevent  die  solution  being  i^ontaminaled  by  dust,  must 
be  Tery  ollen  rem-wed,  l>ccau»ü  it  very  nipidly  liccomes 
destroyed  by  the  vapours  of  muriatic  acid  which  rise  from 
the  capsule.  When  the  solution  is  so  far  evaporated,  that 
it  be^Ds  lo  f^ow  thick,  an  extremely  gentle  heat  must  be 
applied,  because  the  silicic  acid  which  is  separated  in  a 
glutimiu.-«  .••tale,  if  heated  too  strongly,  very  soon  produces 
a  spirting  about,  by  which  the  itualysis  i.t  rendereil  inac- 
curate. 'I'beevaiwraUoii  may,  however,  be  acceb-rdtcd by 
the  eniplojinent  of  a  stronger  heat,  pmvtded  that,  during 
the  evaporation,  the  lliiekenin;;  insuts  is  continually  stirred 
uith  a  i;lii.ss  rml.  The  application  of  beat  Ik  nut  dLtcon- 
tinucd  until  tlie  evaporated  mass  has  become  completely 
dry*'  When  the  dried  mass  has  become  cool,  it  is  moist- 
ened in  an  uniform  maimer  with  concentrate«l  mnrititic 
aciil,  and  allowed  to  rest  litiil'an  hour  in  that  state  in  the 
coM.  At  the  end  of  this  lime,  the  moistened  mass  ia 
treated  with  water,  upon  »liirh  the  silicic  acid  remains 
undi.ssolred,  while  the  other  coo^stjinrnts  of  the  substiuit'e, 
all  combined  with  muriulic  acid,  form  a  solution  with  Ibe 
water.  It  is  next  tiltcrwl;  tiie  silidc  acid  is  properly 
washed,  complflely  »iriwl,  healetl  to  redne^,  and  weighed. 
'file  muriatic  acid  solution,  liltercd  from  the  silicic  acid, 
is  treated  in  the  manner  wbirh  bas  been  described  at 
pace  373,  when  spenkinir  of  the  unalysis  of.tncb  MiUccou« 
subätnnres  iis  are  decomposuhle  by  acids. — The  individual 
:(ubätnnces  sejiaralc^l  in  the  nmrse  of  (his  analysis  also 
rouluin  very  smalt  porliuns  of  silicic  ucid,  which,  if  the 

kanulysis  is  to  be  accuriile,  must  be  separated  and  weighed. 
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— If  the  jHibstance  under  exumination  contained  protoxittej 
of  irnn,  that  base,  by  the  evaporation  of  the  tnuriulic  acidj 
seilittiun,  will  have  been  fully  convrrti-d  into  peroxide 
iriin,  nu  which  uccouut  the  addition  of  nitric  acid  is  quit»! 
unncccssiirvt  and  inu.st  on  other  conHideratioos  be  alto-| 
gethcr  avoided. 

The  reaMon  that  the  dried  mai»  must  be  moistened  mtkl 
muriatic  acid,  is,  thai  niauy  substances,  during  the  evapo-| 
ration,  and  especially  towards  the  end,  whrn  Ihr  nia3i| 
bet;ios  to  become  dry,  and  the  beat  Ls  tucrcosod,  that  muifj 
substances  in  this  case  lose  their  acid,  and  thereupm 
become  inKoluble  in  water.  Ma^iesia,  alumina,  and  jH-r-l 
oxide  of  iron,  an  [Hirliruhirly  liable  tu  Iunc  thrir  ucid 
when  evaporated  to  dr^'nesa  by  a  strong  heat,  and  thesi 
to  become  almost  entirely  insolable  in  water.  It  is  onlf  ] 
u'heu,  havA);  tliesü  subütancc^  in  the  dried  state,  the  o\»-] 
rator  moistens  tbem  with  muriatic  acid,  that  tbey  sab^e-] 
quently  dissolve  in  water.  If  he  act  otherwise,  if,  faC'l 
cxuniple,  be  odd  to  the  dried  niujis,  water  which  has  beraj 
acidulated  by  muriatic  acid,  tlie  solution  nf  the  nbnvo' 
named  subutunccs  is  not  fully  etfected.  Tbe  silicic  nciij 
obtained  in  sneh  a.  case,  ^^hen  the  Compound  contaii 
much  pemxide  of  iron,  would  exhibit  a  reddish  cohiut,  iaj 
consequence  uf  being  contaminated  by  peroxide  of  inn 
This  is  never  the  case,  when,  previous  to  the  addition 
the  water,  the  dry  mass  has  been  treated  with  concentrate 
muriatic  acid. 

Analysis  of  Silicaf fa  which  etmtain  Alcatiet.^-Whea  ai 
eeous  snbstanre    has  been  decomposed    by    fusion  wit 
carbonate  of  pnlash,  the  analyst  can  substM]i]entlY  eSt-i^J 
by  the  ordinary  processes,  llic  quantitative  detcrminatii 
«f  almost  all  its  constituents.     Tbe  fixed  aleidies,  hovi-\ 
ever,  wht-n  tliey  occur  in  .-iilicedus  substances,  requiiv  tofj 
their  quantitative  detemiiiiation  u  different  procedure. 
thi.s  case,  when  he  has  a  sulliciently  large  qnanuiy  of  the' 
.tub.stancc  for  exumination,  the  analyst  »:cnerally  dccooi- 
poses  on«  portion  by  rarbonate  of  potash,  to  determine  lb» 
quantity  of  silicic  acid  and  most  of  the  other  constitneilSi 
and  then  employs  a  .separate  portion  for  tbe  dctenuilUtiiMi 
of  the  fixed  alcalics.    Hereby,  many  difficulties  arise  in  the 
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analysis,  the  giriucipal  riiuw!  of  which  in,  (hat  by  most  of 
the  methods  which  have  been  recommended  for  the  sepa- 
ration of  the  fixed  utralirs,  it  in  i[n[u)Hüilili>  tu  obtain,  with 
tfac  palest  acctiracy  iii  niauipulation,  (he  proper  qiinnlhy 
of  alcali.  In  almost  all  cajtes,  the  analysis  fuminlirx  Uss 
ujrali  thnn  the  üiibslanre  which  is  anHlysed  n-aily  contains. 

For  tlie  quantitative  Hetrrmination  of  the  alcaiies,  when 
occarrini*  in  siliceous  sab«tanccs  not  capable  of  beinff 
decatnpoKed  by  hvMh,  a  variety  of  pnicesses  have  been 
published.  W«  «hall  desrnlM-,  however,  only  those  whi«h 
arc  actually  capable,  when  properly  conducted,  of  givinic 
acmnite  n'sults.  For  the  pnrpiise,  then,  of  wpanitinp  the 
nlcaljcs,  the  subiitance  to  be  examine«!  may  Iw  dei-om- 
ptts&\  by  carbonate  of  barytes,  by  fluor  spar,  or  by  hydro- 
duurir  »cid. 

Deromjtositha  of  StlimteM  by  Carbtmatt  of  Barytes, — If 
the  siliceous  substance  is  to  be  decomposed  by  means  i>r 
curbonato  of  baryteä,  it  is  necetisary  to  conuncncc  by  levi- 
RatiiiR  the  substance  until  the  powder  is  exccedincly  Uiie; 
it  is  required  to  he  much  finer  than  that  which  in  employed 
in  dccompo.silions  with  carbonate  of  potash.  The  operator 
then  i\ei<;h.s  out  a  coiiTcnient  quantity  ol  the  [lowder, 
places  it  in  a  platinum  crucible,  and  mingles  it  in  the 
most  intimate  manner  with  from  5  to  6  times  its  ncight  of 
very  pure  carbonate  nf  harytön.  This  salt  must,  on  no 
account,  have  been  prepared  by  precipitation  from  the' 
solution  of  u  barytic  salt  by  means  of  a  fixed  alcaline  car- 
iwnute,  since  it  mishl  then  pousihly  rebiin  a  jwrtion  of  the 
fixed  alcali  beloncinir  to  the  precipitant.  AVhcn  the  bar>'tic 
salt  is  prepared  for  this  purpo.>;e,  nothing  but  carbonate  of 
amtnouia  dare  l;e  employed  to  precipitate  it.  The  loixinp 
of  the  siliccouN  pi)»drr  «ith  the  carbonate  of  bHTVte.Hmust 
Itrellrrlcd  uilb  i-xtruonliuiiry  accuracy,  as  il  is  principiijly 
upon  this  that  the  complete  decomposition  of  the  silicate 
de|M>nit!i.  The  conipuimd  la  i\fvnm\WAp([  much  mnrt*  diffi* 
cultly  by  carbonate  of  biiryleit  than  l)y  carbonate  of  polush, 
und  chiefly  because  the  carbonate  of  potash  fuses,  nrtd 
thereby,  even  %vlieu  incumptrlely  mintrh'd,  is  brtiuKhl  into 
intme^jiate  contact  with  all  parlf<  oi  the  siliceoas  ptmdcr. 
Ilence,  tlie  compound  is  almost  always  completely  ilvcom- 
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posvil  »hell  it  has  been  fused  with   carbonate  nr7Mi4| 
Tlic  cnrbonate  of  tiarytos  does  not  molt,  bat  merri;  6m 
»  con irioiiiemte  with  the  i^iliceous  substanrcs  it  U  ttmll 
with;  and  even  this  occurs  only  when  every  micniKrimj 
of  the  compound  is  encompnsüotl  with  a  coat  ot'oubaMl 
of  barytes.    Tht  operator  should,  therefore,  in  t)ieaii«.[ 
go  to  work  with  nmch  precaution,  and  devote  ther»f  I 
least  hnlt'  iin  hour.     When  the  mixtart'  is  niaile,thefb 
tinuni  cnirible  miiKt  he  I'xpo.s»!    tu   a   very  stioii|hA 
much  stronger  than  that  which  wouhl  have  been  i 
had   carbonate   of  potash    lieen   employed    to  dlKtli| 
decomposition.     When  the  crucible   is    coraylvb!!;  <A 
the  niaij))  it  contains  Li  treated  in  the  same  mamctitil 
the  snl>t;lanre  had  been  fused  with   carbonate  orpnbi 
The  conclome rated  muss  is  transfcrref]   to  a   ichui  iii  | 
di^^tiMl  with  muriatic  ncid.    TI10  »cid  must  prrtriPiA 
however,  have  I>eoa  pretty  much  diluted  with  watcr.^l 
must  not  be  added  in  too  ^»1  an  exco-ss,  beoineilil 
chloride  of  bariuin  which  is  formed  by  the  openiM,*] 
vrry  spnnnply  soliilili-  in  muriatic  »ritl,  pspeciolij  »fc«] 
the  acid  huA  not  been  diluted  willi  a  hir^  propuftia^l 
water.    AVhen  the  acid  has  effected  the  d(rconipaati«4 
the  lieutcd  ma^.'«,  the  openttot  must    cnrefuUy  «iiw 
whether   any    uiiik-composLHl    powder    rumsiins.     Tliiii 
found  to  he  the  case  very  often,  when   the  mixlut«  «ft* 
SuUsfant'i-   with  the  crirhonntc  nf  biirytes   has  not  brtl 
ren<lered  e\treinely  intiniute.     M'ben  un«lecoiu|Ke«dp>-| 
der  j.s  discovered  to  be  present,  it  is  almost  the  b<tst  ^| 
if  the  o]K>rator  ])f>K.';ess  u  Riißifieiit  qiinntity  of  the  i^l 
stance  to  be  examined,  to  cumiucnce  a  new  analras.  II 
be  does  not  choofle  to  begin  anevr,  he   niiiKt  endratnutif 
separate,  by  washing,  the  liglit  flocky  silicic  uciil  ftw«! 
heavy  undeconipotied  powder;  be  muät  then  detenniBet 
weight  of  the  undcrnmposed  mass,  and  deduct  it  frmi 
wcfghtofrhe  substance  «iilimitted  to  experiment.  The< 
tity  of  silicic  acid  which  is  separated  in  flocks  wbndi| 
decomposition  ha«  been  efiVctcd  by  CiirlM>nate  «f  hanWi 
is  greater  than  that  produced  when  carbonate  of  potuli 
employed  as  the  decomposing  agent ;  still.  hoMcMU.lbn' 
always  remains  a   ronsidcnible   quantity   of  siUcif  tK^ 
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lUKMnlvnl  in  the  arid  ftolutioii.  In  tirilur  tu  »irparatc  this» 
it  i.s  iKHVKXiiry  to  jmirrnd  in  ihr  luiinnrr  uhirh  has  iKvn 
f1r«-ritH><l  ill  iiiiec  27Ü,  Th«  solution  must  be  evapumtrd 
lo  |K^rfr4't  drym-iM.  The  drird  mass  moKt  lie  uiuiittrnul 
with  niiiriati<-  »rid,  iind  tri)  lor  hiilf  .in  hour  to  itM*!!',  that 
thr  iniirialic  tu-id  nuiy  huM^  lull  opiMirtunity  tn  act  upun  it. 
M'iitiT  iit  tiK-n  In  I»'  iiddr«!  In  dis-sdlvu  the  >inltil)l<>  s;üts. 
Thr  Hiliric  Hcid  irniiiinii  midissnlvcd.  Thi-uiirrator  should 
neviT  nr^rliTt  t(i  di-lrrniinr  the  weight  of  this  Mili«-tc  m^id, 
vveii  tlioueh  Ihr  pniiMjrlion  »!'  Mltrii*  urid  contained  in  ihv 
«■otn|>ound  undi.-r  i-xaniination  m;iy  )i:ivr  bc«'n  pn'vtuusly 
dc>ti>rniiiird  hy  unolhiT  aiinlysis  lhroii«;h  decnm|iositinn 
wirh  cariionitle  of  potash.  If  the  »ei^ht  of  the  silicic  iicid 
«htaim'd  hy  lioth  prorcHScs  he  the  same,  it  is  a  pmof  that 
the  dc(uni|)osiliim  of  ihr  comp  »mid  lia«  hern  u»cinni)Ii*U'ly 
«■ßi'cti-«!  hy  the  carUuiatc  <'f  harytcs  as  f>y  (he  carl><)nuic  of 
|Hiiasfa. 

The  harylcs  runluiniMil  in  ihv  itiuriatir  ucid  Mduiion 
lillrrcd  from  the  silicic  acid,  i.s  |irt-ci|>iliiU-d  liy  sidptiiiric 
ucid,  aa  Hulphatc  uf  t»arytc.t.  The  addition  of  ii  f.'rc-at 
excess  of  sulphuric  »rid  must  he  avoided.  The  ercaler 
the  iiccunu'v  »ilh  which  the  harylps  in  üariinttcd,  and  Ihe 
loss  ihe  excess  of  8ul|ihuric  acid  left  in  the  Milution,  the 
easier  and  the  more  exact  will  be  the  sirbsequent  dclcmii- 
nulitm  uf  the  c|iiaiiti(y  id'  llic  alcall.  The  jnrnl  mass  of 
Kidphato  o(  Imryles  thus  pn-<  i(>italed  mujst  he  carefully 
washetl;  when  the  RidMtiince  under  cxamitintion  contains 
n  considerable  quiiiiijty  of  time,  the  -waührn;-  «if  tiie  sul- 
phate of  iNirj'icfi  must  be  long  conlluui-d.  If  (he  qijanlity 
uf  lime  is  extremely  lurk'c,  it  is  custumar)-,  not  lo  continue 
the  wiLshins  uf  the  nutphatc  of  barytcs  till  all  ihe  time 
is  wiishe«!  uuay,  hut  to  ivash  it  only  till  it  tie  supposed  t« 
Ik'  free  fmm  alt  tlic  alcaline  Kulplmte.  The  filtered  r^olntiun 
is  then  commonly  mixed  with  cau.xttr  iuiimonia,  which 
priori  pi  lutes  alnmina  and  pentxidi'  ofirtm.  It  is  advi.siiblc 
to  determine  ficparulcly  Ihe  (|uanlities  of  the*.-  t»«  suli- 
«Inncps,  and  to  rompure  them  with  t)iut<c  wliicli  have  l»ecn 
furnished  by  ttie  olher  analysis  in  which  the  nubsiancc 
w  a«  decomposed  by  carbwnalc  ol"  potoäh.    Tbc  stüphate  of 


lime  which  the  filtered  liquor  may  contain  is  prmpiiatrd 
by  oxalate  of  »mmuiiia. 

ir,  now,  ncithrr  mti£ni»ia  nor  protoxide  of  mangranrsr, 
nor,  indeed,  bcsidrs  thr  alciilies,  any  eonstitucnts  unpnrci- 
pitaitle  or  partially  unprecipitablo  by  ummooia  rvmiuii 
pr«Hi*nt,  then  the  solutiau  which  has  been  tillered  from  the 
oxalate  of  lime  contains,  as  tixed  ixinNtitUf!aLs,  only  ttw 
fLkalip.s  that  arr  songht  tor,  »nd  those  »IcaUcs  in  the  stale 
of  sulphates.  The  solution  is  evapomted  tu  dryne-ss,  oiul 
the  dr}'  mass  is  heated  to  redness ;  hereupon,  the  ammoni- 
aeal  tsalts  volatilize,  and  ufid  «ulphates  ol'  alcalics  reniaia 
behind,  fn  the  if^nition  of  the  dry  mass,  the  greatest  pre- 
caution niu.st  be  cmploycrd,  hcc-aiisc  tt  is  in  this  purticniar 
o]H^rutioii  that  the  (tn-ali^stliHUtof  airali  can  Im  iKxiLsiuuiil. 
The  dry  mas»,  in  addition  tu  the  lixed  alcaline  sulfibateä, 
coDtuins  sulphate  and  uiiiriate  of  ammonia;  and  when 
lime  has  be«>n  precipitated,  oxalate  of  ammonia.  ^Mictt 
thi.s  niiLssuf  rompoiHul.s  i>i  ignited,  the  muriatv  of  ammonia 
flics  avtay;  the  small  quantity  of  oxalate  of  ummonia  u 
first  changed  into  carbonate  of  aiuuionia,  and  then  driTea 
away  ;  aud  no  loss  can  lie  produced  l>y  either  uf  these.  Bat 
the  sulp  hate  of  ammonia  melts  when  heated, and  »oon  beKUU 
toboiUwIicreiiponit  commonly  spirts  about  pretty  strongly, 
and  can  eiLsily  occasion  u  loss  of  pari  of  the  fixed  alcali- 
The  smaller  the  excess  of  .sulphuric  acid  added  to  precipi* 
late  the  buryteij,  the  easier  is  the  expulsion  of  the  aimniv 
niacal  salts  etfeclcd;  because,  in  that  case,  tJjc  quantitj* 
of  the  sulphate  of  ammonia  is  so  much  the  smallei.  Tu 
ignite  the  dry  mass.  It  is  be-st  to  place  it  at  first  in  u  nMimjr 
plutinum  capsule,  because  in  tlii»  utensil  tlie  least  loss  caa 
bo  occasioned  by  any  spirting  nbout.  When  nearly  all  the 
volatile  salts  are  driven  away,  tlic  remainder  is  washt^ 
with  water  into  a  small  counterpoised  platiuum  capsuli^ 
or  cnicihle,  ami  then  cvapornlcd  to  dryness,  and  ipiitnl. 
As,  hüwr^cr,  the  remaimlcr  consists  of  iicid  sulphate  nf 
alcaJi,  it  is  necessary  to  a<td  solid  carhonati;  of  ammontu 
during  tlic  iKnitioQ  of  the  mass;  a  neutral  alcalinc  »ul- 
phaie  is  then  ohtaintKl,  from  the  weight  of  which  tlif 
quantity  of  alcali  is  calculated. 
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When  thr  »ubütniitf  unJer  esainination  contnins  mae- 
nr^in  »8  noil  as  an  nirali,  the  eHlimation  of  the  iilcnit 
ttPi^onivM  Klill  roont  diffinrlt,  and  is  attcudcd  with  yel  more 
InMH.  la  tliiic  cane,  iti  the  solation  which  ha:«  been  lUlcred 
from  die  ti^.alate  of  Hme,  and  which  tlirn  ronlniii»  nn  other 
fixed  coii-ftitucDLs  than  niai^csia  and  the  alrali.  the  solation 
of  the  very  small  quantity  ormapncsia,  which  had  previ- 
ously bCL-D  jiri'cipitiilod  by  ammonia,  in  addei).  There- 
upon, the  miMure  is  evaporated  to  drynent,  the  common 
weight  of  the  siilphatf!  of  alcati  and  !*iü)>hatv  of  mii^ncxia 
is  di-tcmiiuffl,  and  the  two  salts  are  then  separated  by  a 
aolutiiin  ot'  acetate  of  barytcit,  the  method  of  doinj;  nhich 
has  b(>en  already  explained  nt  pa^e  ä!l. 

A»  it  i!t  so  difficnlt  to  determine  with  ncrnracy  the  qcian- 
tityof  tixed  alcalinc  stilphalct,  when  sitlphiitr  nf  finimonia 
Is  present,  n  pnire».s  ultO);*^tJii.-r  diÜ'rrenl  is  »I'ten  n-.si)rtr<l 
1ft,  when  such  Hubstanccs  riilj  to  be  analysed.  The  man- 
atir  aciil  sohilion,  which  ha-i  l>ei>n  fiitpred  Imm  the  sihcic 
arid,  is  mived  with  cartionxte  of  ainmunia.  This  produces 
a  precipitate  of  rarlKmatc  of  tmryteH,  with  alumin»,  per- 
oxide,  ol'inm.  8cc.  The  sohilion  is  fdlercd  and  cvapnnitrd 
to  drvm-ss,  and  the  dry  mass  is  ipiited.  The  aUali  is  then 
obtained  in  the  state  of  a  metallic  chloride.  This  method, 
howi'ver,  gives  no  aceorate  result.  As  there  ix  a  pretty 
limte  fjuuntily  of  carijonate  of  barytes,  which  is  not  qailo 
insoluble  in  wKtrr,  there  is  always  a  greater  or  tesiter  por- 
tion of  (hi.s  KuhNtiiiicc  dij:ts<itvi-d  dnrin^  thr  wiishin^  of  the 
prcfipiiate.  The  dissoh-ed  carlwnate  of  barytcs  in  con- 
verted into  chloride  of  buriuni  by  thtf  sal  ammoniac  in  thü 
Kotulion,  and,  iu  the  end,  the  metallic  chloride  pn.Mluced  by 
Ihr  alcali  is  always  ucrompitnicd  by  chloride  of  barinm. 
r  Jhamponition  of  Silicates  hy  Aitrate  o/Äiryte».— Instead 
of  carbonate  of  burytes,  cbemists  formerly  employed  nitrate 
ofbarTrtc»,  to  effwt  the  derom|mHition  of  minernts  contain- 
ing' alciiltes.  But  the  use  of  nitrate  uf  han,'tes  is  aecum- 
paniiul  by  more  difiiculties.  It  i.s decomposed  when  i^iiteil^ 
and  the  pure  banp-tes  w  hich  result»,  works  alone  the  dccom- 
|iosilion  of  the  itilicatc  which  it  i.s  fused  v,  ith.  As  raastic 
barytes,  however,  «hen  heated  very  powerfully,  injures  the 
platinum  crucible,  it  is  necessary  to  effect  the  decomposi- 


I 


SILICIUM. 

tton  in  a  siher  crocible,  which  supports,  unrortunalcly,  ao 
very  slrong  degree  of  heat.  When,  farther,  the  operator 
has  succeeded,  by  soaking  and  waäbine  with  nntcr.  ia 
brjnf^ng  the  greater  part  of  the  igtiitcd  mas-s  oat  of  the 
mirible,  am)  wimid  \vil)int;ly  employ  muriatic  ac-id  to 
loosen  it  completely  from  the  sides  of  ihc  rrucible,  heilarc 
not  do  so,  unless  he  stihmit  to  hnrc  diloride  of  silTtT 
amnn^  the  insoluble  »iliric  acid.  But  the  most  disacf^rr» 
nbic  circumstance  attendins  this  decomposition  is.  that  Ibe 
niinito  of  biirytes,  when  decompotied  by  heat,  riiit'S  wiib 
c\trH(irdinary  facility  above  the  edf^s  of  the  crucible.  The 
bcHt  way  to  liiiider  thi.'«  is  in  proceed  as  follow.s:  The  pul- 
\erised  nitrate  iifbaryte»,  nliicti  must  have  l>eeii  previoo^y 
flO  Btrongly  heated  that  it  cau  no  Ionizer  decrepitate,  U 
mixed  with  the  subslance  to  l>e  cxamiaed,  atid  the  mix- 
ture, in  a  silver  rnicihie,  is  exposed  to  the  beat  of  a  K|Mnl 
]»ni]>  with  circular  nick.  The  hcnt  must  at  iirst  be  vi-ry 
crnth-,  hut  lie  iiriuliialiy  iiuTiriiKed  and  Lt-pt  up  (Ul  Uic 
ri.siii$:  of  the  mass  in  tbu  crucible  ceases ;  till,  in  short,  tlM 
nitrate  of  barytes  is  almost  completely  decomposed.  'I1i« 
criieible  is  then  placed  anion^  churcuul  and  expostn)  lo  llie 
rttron^rest  ilegree  of  heat  which  the  silver  can  8ui)|K)rt  with* 
out  ineUini;.  When  the  mass  is  cold,  it  is  treated  exactly 
in  the  same  way  as  it  would  have  In^en,  if,  instead  of 
nitrate  of  burylcs,  the  ciirbonatc  of  l>ar>'tes  had  been  u»r4 
to  dewimpiise  it.^As  the  nitrate  of  Imrytes  fnseri,  it  can 
more  i>asily  eflert  the  full  decnmpositicin  of  the  subslnnrc 
submitted  lo  analysis,  the  mort;  especially  that  the  canstic 
iMtrjIes  produced  by  the  i^milioii  nets  nuicb  tnon*  power* 
fully  llian  the  cnrbonate;  yet  this  method  is  advantoci- 
ously  employed  only  with  such  substances  as  cannot  he 
finely  pulverised,  an  mica ;  or  with  substances  which  with- 
stand the  action  of  carbonate  of  barjles. 

Defompoicition  of  Siticalr»  hy  Fluar  Spar. — ^Tbere  is  aur^ 
ther  motbnd  iif  quiiiititalivrly  drierniinin^  the  quantity  tf 
Hxed  alcali  contained  in  the  siliceous  substances  whicfe 
caiinol  be  defmiii posed  by  acids.  The  decotn|>osinp  n^t 
employed  in  this  melhud,  which  was  first  reeomiuended  bf 
IlKNZKLti  s.  is  lliior  spar.  The  course  of  the  unalvsisisaf 
follows  :  Une  part  of  the  siliceous  substance,  obtained  hj 
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l«vit;:alion  and  wnnhin;;  in  a  »tatc  of  hnc  Oivision,  ia 
nii»eltHl  with  alioiit  five  pnrts  olDoor  ;«par,  which  muät  be 
iVoi-fnini  <^ery  niptallic  ndniixtiiir.  It  is  iinnrressary  lo 
k'vijfatc  the  fluurspar.  It  nrwl  only  be  finely  pulvrriscd. 
The  inixtare  must  be  very  intirnnte,  nntl  must  he  made  in 
a  pliitiniim  (-iip.Hiilf>,  or  in  a  liirgi:  plaliiuim  cnirihU'.  Tbc 
Operator  mixet  with  tbiä  poirder,  «ith  the  bclp  of  u  plati- 
nnnt  spntuta,  an  miirb  c^inven traten!  oil  of  vitriol  as  is 
Hu(fi(-tciil  to  nmk.0  tbL*  ina^s  into  a  pap.  Tlic  platinum 
capsulo  is  then  gradiiaJly  wamicd,  upon  which  ibi-rc  is  a 
disen^jreiDent  of  hydrofluoric  f^s  and  fltiosiltclcffas.  The 
tcmpcrritiirc  is  inrn-itrtcd  until  tlu;  pUilinum  vrssel  is 
cxpostd  to  a  (lull  rod  heat,  which  ensures  the  expulsion  of 
the  excpfut  orsiilphnric  arid,  fn  Ihifi  ca.se,  the  silicic  acid 
of  the  >iulK-«t:uu'e  iindL-r  fvaniinatiou  ix  vulaliltxeil  with  the 
fliioriiif  of  the  (lu(ir  spar.  When  alumina  is  present,  it 
combines  at  HrsI  with  the  siilphnric  acid,  but  the  »ub-se- 
queiit  exposure  to  a  dull  red  heat  expels  n  portion  of  the 
.tidpbiiric  acid  ;  on  which  acrouni,  when  the  masn  is  aftcr- 
wardft  treated  with  watw,  the  j^eater  part  of  the  ahnninn 
remains  iiiidissnived.  It  Ixun^,  however,  often  nf  import- 
jtm-e  lo  determine  the  quantity  of  alumina,  it  is  necTssnry 
lo  adopt  the  following  process.  When  the  mixture  has 
I»ccn  irently  l^ited  to  drive  awny  the  free  salphuric  ncid, 
the  ma^ä  is  moihlened  in  an  uniform  manner  with  rcmcen- 
Irated  mnriatic  acid.  The  whole  is  left  in  this  state  tn  act 
in  the  cold,  for  an  himr,  or  tttill  Innper.  The  mixlun>  is 
then  wu.shi-d  u  ith  wnler  into  a  f^laits,  more  water  is  added 
to  it,  and  it  is  exiKtsed  for  some  time  to  a  warm  digestion. 
What  remains  um)i.s.'ud%'ed,  at  the  end  of  thi.s  proce^, 
consiHiK  chieHy  of  jiulpbat«  uf  time.  It  is  fdlered  und 
wasbol.  In  order  to  detennine  whether  the  insohibh'  sul>- 
stance  l>e  siilfieiently  washed  or  not,  a  portion  of  the  water 
which  has  last  pa^iicd  throuch  the  liltcr  is  tested  with 
liquid  ammonia.  If»  precipitate  of  alumina  in  formell,  iho 
waj«hiiig  must  be  ronlinneit,  and  ran  only  Ite  considered  as 
complete  when  ammonia,  applied  aa  above,  no  longer  pra- 
ducpK  u  prcripitate.  Of  course,  when  alumina  was  not 
contained  in  the  aulkttance  submitted  to  aimlyäi.-i,  this 
mode  oftestint:  the  accuniry  of  the  ivashiag  is  iDcflbctuul. 


2SS  RiLintM. 

Ilie  tested  portions  of  the  wo-sh-w  atcr  mtut  not  be  lhro«it. 
away,  but  must  Im^  addrd  to  the  tittered  muriatic  acid 
Boliition.  The  «i>cratr>r  then  .«^upcrsat urates  this  solntioa 
with  ammonlB,  and  filters  it  from  the  pre<;ipitate  jisijuickly 
as  possible.  This  haste  is  required  to  prevent  tbu  codu- 
mination  of  llie  jtrixipilHte  by  carltoiuile  of  lime;  yet,  »n 
Bccount  of  the  great  iiuaiittly  of  siilpliate  of  lime  in  dilu- 
tion, and  of  the  unavoidable  txceas  of  ammonia,  it  IS 
difiicutt  to  prevent  the  tbnnation  of  carbonate  of  liiDrr.| 
The  precipitate  contains  the  wliole  quantity  of  aloniiBa 
and  peroxide  of  iron ;  the  proportion  of  each  is  tu  bo 
determined,  in  4trcler  that  the  quantities  may  be  romparrd 
TTith  thus«  obtained  in  the  otlier  analysis,  in  which  ilie 
same  substance  \ras  decomposed  by  carbonate  of  potasti. 
It  Is,  however,  necessary  tu  ot)ser>'o  here,  that  the  precipi- 
tate contains  almost  always  a  trace  of  lime.  From  the 
filtered  solution,  the  lime  of  the  dis.solvcd  siilphiite  of  line 
is  prrcipttntctl  by  oxalate  of  ammonia.  The  solutioo, 
«rparated  from  the  oxalate  of  limr,  i^  evaporated  to  dry- 
ness, ami  the  dr^'  mass  produced  is  heated  to  rcdneis. 
The  substance  »hich  remains  js  the  JilcalJ  of  the  miueral, 
in  the  state  of  bisulphate.  It  is  reduced  to  tlie  state  of 
neutral  sulphate,  by  i^iitiou  with  dry  carbonate  of  am- 
monia. The  ipiitiun  of  Ihc  dry  mas»  is,  in  (his  analysis, 
accompanied  by  few  difficulties,  because  the  quantity  of 
sulphate  «f  ammonia  is  commonly  not  so  coiiKiderahle  U 
It  is  when  llie  siliceous  »iibslunce  has  been  treated  wAki 
carbonate  or  nitrate  of  harytcs. 

JOecomposition  of  Siliailes  tn/  Ht/<lroffuorir  Ariii. — If  tel 
Operator  is  in  possession  of  a  platinum  retort,  he  OKfi 
decompose  the  siliceous  substances  which  contain  alcaliM 
and  are  incapable  of  decomposition  by  common  acids,  by 
means  of  hydrotluoric  acid.  The  employment  of  h\dm- 
Uuoric  acid  ha.s  very  many  advantages  over  that  of  floor 
spar,  since,  with  the  exception  of  the  silicic  acid,  all  tho 
constituents  of  the  Kub-ttanee,  even  the  lime,  can  be  dctct- 
mined.  This  melhml,  which,  as  well  as  tlie  preceding,  wrs 
first  recommended  by  Bkhzklus,  jiives  the  mo.-;!  accuraU- 
result  of  all,  and  that,  too,  in  a  far  shorter  time  than  nbru 
the  substance  U  treated  with  lluor  spar ;  because  tlic  «rash- 
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in^  of  the  great  mass  of  sulphate  of  lime  which  is  pro- 
duced when  fluor  .tpiir  b  employed,  occupies  a  very  long 
time.  It  is  necessary,  however,  lo  pn-pan-  for  L^^t-ry  aua- 
lysis  H  fresh  portion  of  right  roiicrntrated  bydrolluoric 
acid,  for  this  acid  soon  loses  its  strength,  and  in  iiic-ajiulile 
of  preservation  in  a  stale  lit  for  action.  To  prepare  the 
hydrofliioric  acid,  the  operator  takes  pulverised  lluur  Mpur, 
«rhicti  must  be  quite  free  from  metntlir-  ndmixtiire  and 
particularly  from  copper  pyrites,  lie  places  the  ]>ouderin 
the  under  part  of  the  retort,  the  upper  part  of  which  should 
be  so  coutriveil  as  to  be  capubl«  of  removal.  He  adds  so 
much  coucentraled  sulphuric  add,  that  when  the  whole  is 
mixed  together  with  a  platinum  spatula,  it  produces  a 
thick  pap.  He  then  fixes  the  upper  part  of  the  retort  upon 
the  under  [Ktrt,  und  leads  the  neck  into  a  platimun  crucible 
vFhtch  contains  a  little  nater.  The  ncek  of  the  rt^torlinust 
enter  llie  water  in  such  a  maiiuer  thai  the  orillce  is  partly 
above  and  partly  below  the  surface  of  tlie  liquid.  The 
acid  is  distilled  over  by  Uie  gentle  beat  of  a  small  spirit 
lamp.  The  operation  is  continued  imtil  the  aqucouK  ucid 
in  tttc  pUiliiium  crucible,  after  separation  from  the  retort, 
strongly  smokes ;  for  it  is  only  from  the  employment  of  a 
famini2  acid  that  the  operator  can  expect  the  complete 
decomposition  of  the  siliceous  .substance  submitted  to 
analysis.  Over  the  substance,  previounly  very  finely  pul- 
veri.-<ed  and  weighed,  the  operator  gradually  jHturs  this 
fuming  acid.  The  openttion  is  best  performed  in  a  roomy 
platinum  capsule,  because  the  action  is  so  violent,  thnt  the 
ack)  {{[riieralty  boils  and  causes  a  spirlini;  about,  which, 
were  the  opemtion  to  be  pcrtbmu-d  in  a  smidl  platinum 
vessel,  mif-ht  occasion  a  loss.  The  mixture  is  reiicatcdly 
s1irre<t  with  a  ptutinum  spatula,  und  sulphuric  acid  is  then 
cautiously  added  to  it;  »lU-r  ihii;,  the  whole  is  evaporated 
to  dryness,  the  heat  first  applied  being  very  gentle,  and 
then  gradually  riiispd  higher,  llien-  takes  place,  at  the 
beginning,  a  discharge  of  fluosilicic  gas  ami  hyiirofluonc 
^as;  the  excess  of  sulphuric  acid  goes  away  only  at  an 
increa.'^ed  tcm|K*niture;  its  entire  expulsion  i.s  not  e(lecte<l 
miul  the  bottom  of  the  platinum  capsule  is  heated  to  dull 
redness.  When  all  is  cold,  the  dry  mass  is  moistened  with 
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concentrated  mtirintic  add;  and  whr-ii  itÜK  fans  liad  su1&. 
€i«ut  lime  lo  operule,  water  is  added  to  tlie  mixture,  and 
every  thing  lint  ii  rimall  qituntity  iif  silicic  arid   is  dis-l 
solved.    The  riolution  ia  liliercd.    The  silicic  arid  very! 
often  ruus  witJi  tlie  »uliititm  tliruuifh  llie  filter;  hut  if  tliaj 
Solution  hf!  |iruviüusly  warmt>d,  tlu-  filtration  is  efTectuai  is 
Kepurating  tlio  lülidc  »cid.     The  ülterc-d  muriatic  acidi 
solution  contains  all  the  constituents   of  llie  sutistancs] 
under  examination,  uitb  (he  exception  of  Uic  silicic  acitLJ 
The  dcparatiün  of  the  various  substances  is  etiV-cted  iif 
i\\4i  pfrtcessL'S  which  have  been  already  «fleu  descnbttUJ 
When  lime  is  contained  in  the  substance»  the  quantity  üfl 
it  ran  be  perlectly  well  detcnniin-d ;  Lul,  as  the  sulphattj 
of  lime  is  diflttiiltly  muIuMo  in  uater,  care  must  be  talrB 
lo  wash  the  inäolubte  sibcic  acid  oo  the  filter,  until  lii* 
sulphate  of  lime  is  completely  sepuratetl.— The  alcalicaa» 
by  this  nietliod,  be  very  well  and  verj'  accurately  esA-] 
mattnl,  Kinre,  in  all  cases,  the  quantity  nl'  sulphate 
ammonia,  which  is  ti>  be  expelWI  fnnn  the  sulphate  ofJ 
lixeil  alnili,  must  necc-ssurily  be  very  small. — All  siliceowjl 
]iul>stHur(\s  cannot,  however,  be  completely  üectmiposed  hf  \ 
hydrolluoric  acid.    The  impertect  decomposition  of  a  sub-' 
stance  is  tinnicdialety  (iisceraed,  when,  u{Hin  pouring  the' 
luaiing  hydrolltiorie  ui'id  over  it,  no  viuient  arlion,  and, 
no  very  strong  degree  of  beat,  is  produced.     There  iS'l 
reason  to  believe  that  the  substances  which  withstand  the 
decomposing  nction  of  carbonate  of  potash,  willisiand  h\m 
the  decomposing  action  of  hydrofluoric  acid.      11'  it  bii 
desired  to  determine  the  qiinntity  of  tixcd  alcali  in  such 
substances  as  are  indecomposable  by  hydrofluoric  ariil, 
the  most  advisable  process  is  decomposition  by  iiilraieuTj 
barjtes. 

Il  is  not  allowable,  in  Ihtr  preparation  of  liydroflnoric. 
acid  for  such  nnalyscs,  lo  employ  a  retort  of  lead  iosteadj 
of  platinum;  for,  with  a  retort  of  load,  the  operator  would^ 
be  sure  of  obtaining  mo  acid  holding  protoxide  of  lead  in 
soiutiiin. 

DtxitmpoMilivn  of  Silicatcii  hy  Qiustic-  Potath. — We  ha*f 
still  to  treat  of  the  analyttis  of  the  silteeous  subsiaDi:^!« 
M:bich  withstand  the  decomposing  ticlion  of  tlie  rnrb«>niin' 
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of  potash.  Of  llic  Compound»  whicli  occur  in  nature,  ven' 
f»;w  aPd  of  this  ilescriplJon.  'I'liry  an-  characterised  by  Qn 
extreme  de^ce  of  liardiioss,  on  which  account  difficulties 
arise  even  in  the  puivwrisinif  of  the  substances,  since  it  ii) 
Iroublesume  I»  determine  iht^  exact  quantity  of  silica 
which  is  abraded  1mm  the  a>;utc  mortar,  by  tlie  su1>.st»nce 
pulverised.  AVc  have  already,  at  pai;c  276.  »poLcn  uf  th«* 
Stunner  in  which  this  difficulty  is  best  overcome.  But  as 
nearly  all  these  vcn'  hard  subntimces  npp<'nr  to  be  indr- 
com {H>sji tile  hy  liquid  hydrofluoric  acid,  the  opt-rutor  fmn 
also  employ  a  dilute,  and  not  fumiuf;  hydrollnuric  acid  to 
dissolve  the  powder  which  is  «bnidrd  Crom  the  mortar, 
'8Dd  nhiefa  may  he  considered  as  pun-  «ilicic  acid.  The 
'Substance  to  be  examined  then  remains  behind  in  a  state 
of  prrity.  The  dry  powder  «hen  remuvetl  from  the 
mortiir  is  placeil  in  a  platiuam  capsule,  hydroHnoric  acid 
]»  poured  over  It,  the  mixture  is  stirred  with  a  platinum 
epatulti.  the  nndi.-^solved  powder  is  allowed  to  Call  down, 
end  the  liquid  is  then  poured  oil'.  The  powder  is  then 
washc<l  with  wnier,  and  the  wnshini;  is  continued  until 
(be  liquid  which  is  poured  ofl"  ceJises  lo  afiect  the  colour 
of  blue  bitmuH  paper.  'Ilie  powder  is  tlien  dried. —  For 
the  dcconip4Jsitiou  of  these  subatanoes  caustic  potash  U 
employed,  the  use  of  which,  however,  is  atteiidrri  by  » 
KTcat  man)  difUculties.  In  f^eneral,  it  is  not  dry  caustic 
putnsh  which  is  employed ;  but,  at^er  bavin;;  placed  the 
finely  pulverised  mineral  in  a  large  KÜvcr  crucible,  n 
roncentrated  solution  of  caustic  potash  uf  a  dctcrmini-d 
strength  is  jHHired  over  it.  The  whole  is  then  cvupnriited 
lo  dr>ness,  the  mixture  being  continually  stirred  with  a 
silver  spatula:  the  dry  mass  is  then  heated  to  redness. 
Tliis  o|»eratioii  can  W  effected  only  in  a  silver  rrucibb>, 
|»ecmise  a  platlnuni  crucible  would  be  strongly  acted  upon 
1>y  the  can.<<tic  patatUi.  Durine^  the  ignition  the  maxs 
•pirts  about :  on  this  account,  a  very  );entie  hctit  mtiKt  be 
employed  at  lintl,  and  it  must  be  increased  «n^diially. 
When  th«  boUiu]^  is  at  an  end,  the  ma.^s  is  ex{Mtsefl  to 
the  stronircst  depree  of  heat  which  the  silver  cnicibU-  ran 
»up|M»rt  without  millinK;.  After  the  if:iiition.  another  dif- 
ficDlty  is  found  in  brintnne  the  ma.s.'^  out  of  the  crucible :  it 
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sticks  to  the  sides  of  tlie  vessel,  and  if  muriatic  mi» 
used  to  lo4Mcii  il,  tli*>  .sitirir  arid  which  in  obuuHdi 
found  to  be  oiinglcd  nith  cliloride  of  silver.  l^icMpK 
dLsadvanta^f-A  accompaiiyiog  tlie  emplovtueot  otaim 
potonh  arc  avoided  in  a  process  aiicccssftilly  pructtWI) 
Bkiizki.1(.'.s  (I*(J(;i:kni)uki-'f's  A.nnaleu,  B.  \v.  p.  Ift 
This  process  is  »a  foUows:  Tho  ignited  and  wa^ 
powder  of  the  subütancc  to  lie  analysed  i<i  mitiuli^nt 
pluliniini  criit-iltlf.,  nJlli  tlin-c  limcM  itä  weight  uf  niriM* 
of  potasb  orcau-bonate  of  soda,  iuid  a  cavity  isfonncds 
the  middle  urtlK>  mass.  TbpreuiKt»,  the  crucible  iss(i| 
i^iited  for  a  t|Uurter'of  au  linur,  liiit  the  miMuit'ttM 
penaitted  to  melt.  It  is  ibca  allowed  to  cooL  V) 
operator  now  places  iu  the  cavity  rither  more  Uhi« 
part  of  caustic  potash  or  caustic  soda,  and  again  A^ 
heats  the  crucible,  iloreiqwn  the  caustic  alcali  gnfal 
siaks  into  the  porous  ma^ui,  and  causoH  n»  $pirtin];kbA 
as  it  K'enenilly  docs  whni  it  gives  up  its  water.  Tbeim. 
is  dim  so  much  iiicrcustd  that  the  crucible  betUHDHvl* 
hot.  The  phitiimm  cnicilile  is  not  injured  thereby.  TV 
ijniited  mass  is  uftenvurds  treated  in  the  same  maBMs 
it  wt>uUI  have  beou  had  the  aiioerai  been  docompOHdl) 
carbonate  of  potash  alone. 

Estimation  of  the  Wtiter  contauted_  bt  SUicttteK.—'SttMi  * 
the  siUceous  substances  which  occur  in  nature,  and  «M 
are  dccomposubic  hy  muriatic  acid,  contain  water.  IV 
quantity  of  tbc  water  is  determined,  in  iao.st  cases,  briir 
loss  of  weii;ht  which  is  sulTcred  tvhen  a  jnven  qaontitTi« 
the  compound  is  hratrd  to  n-ilncss  in  ii  small  plsbMS 
crnclhle.  The  igniliou,  however,  deprives  üie  sfli<(M 
oomponnd  of  tbe  property  of  beine  decomposable  bj  ■ 
Rtlc  acid ;  iis  farther  analysis  ihererore  must  be  mriif- 
taken  widi  another  portion.  If,  however,  the  open» 
po.ssc.s<(  so  small  a  quantity  of  the  rum]Kiiind  that  br 
only  undertake  a  suitrle  analysis  for  the  delermioHtini 
all  tbc  constituents,  if,  for  example,  he  possess  noi 
than  tK)  or  30  ^ains,  then,  after  the  cstiinatioa  ufllr 
water,  lie  must  decompose  the  compound  by  fusioalid 
carbcmatc  of  pc>ta.sh. 

Examination  aj  the    Purity  of  the    SUicic  Atid.~^ 
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operator  must  nrvcr  m'lilcct  to  cxamin«  the  purity  of  the 
silicic  acid  nbich  ht-  miiy  ubtoin  by  any  one  of  Ih«  ubuv«- 
citcd  proceä.se.s.  The  examinalion  <if  the  .tilicir  Hi;id  iä 
particularly  nc(!p»s«ry  in  the  iiiuilysi»  of  llie  minerals  whirh 
carbonate  of  potash  does  not  uusily  decompose.  Ho  sboult) 
try  the  purity  of  every  dislioct  portiou  of  silicic  acid  be 
uIiImiU-s,  rspirriully  id' the  smiill  portions  pnKUrcd  by  dis- 
solving  the  dilferettt  precipitates  in  tiiurinlic  acid.  The 
prouf  cunsiHls  in  Fnsint;  a  small  quantity  of  the  »ilicic  acid 
with  soda,  on  rhanual,  iHrfore  the  hluwpipe.  If  a  trans- 
parent colourless  glass  in  producod,  the  silicic  acid  is 
»cither  quite  purr,  or  iit  nny  rate  contains  no  «reat  quantity 
of  fbrei);n  mntter«.  In  the  analysis  of  »urh  silircuus  xuh- 
stanees  as  are  easily  decomposable  by  carbonate  of  potash, 
tbe  operator  may  geucrully  content  himself  with  this  pnwf, 
as  the  silicic  acid  then  obtained  is  almnsi  alway»  pare. 
But  when  the  suhstnuce  is  diHicull  of  decomposition,  and 

»ran  only  be  dccomposird  by  cauHtie  |totasli,  the  silicic  ucid 
which  is  obtained  must  t>c  much  more  carefully  examined. 
The  silicii;  arid  (!un  in  this  ease  i-itnliun  a  considenible 
quantity  of  alumina,  a  substance  of  tvhtch  the  alMtve  le»! 
I  dues  not  readily  iutiuiate  llw  presenr«.  The  quantity  of 
alumina  contained  in  the  silicic  acid  may  be  pretty  con- 
«jdvrablc.  may  amount  to  13  or  15  per  cent,  of  the  weight 
of  the  silicic  acid,  and  still  tbc  glass  formed  by  the  fusion 
of  thi»i  miMure  with  soda  may  remain  transparent  The 
operator  mast  never  ne}r)ect  to  submit  the  silicic  arid, 
obtaiued  under  tbe  alnivc-nami'd  circumstances,  to  »  full 
analysi.s.  A  portion  of  the  silicic  acid  must  be  fusetl  with 
a  considerable  quantity  of  carbonate  of  potash,  tbe  melted 
mass  must  be  treated  with  muriatic  acid,  and  the  solution 
must  l>c  evaporated  to  dryness.  Tlie  dry  mass  must  then 
be  moistened  witii  muriatic  acid,  and  aftcrwanis  trealeil 
with  water.  The  muriatic  acid  solution,  filtered  from  the 
UDdifisolvcd  silicic  acid,  must  now  l>e  supersaturated  with 
umntonia-  If  the  solution  give  no  precipitate,  tho  silicic 
acid  may  be  considered  to  have  been  pure;  but  if  a  pre- 
cipitate us  formed,  this  can  only  arise  from  the  foreign 
mutters  with  which  the  silicic  acid  was  combined.  In 
most  rases,  the  precipitate  is  alumina;  for  it  is  in  coo- 
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sequence  of  tlic  prrjirnru  of  un  cxtremHy  lai^  proportinol 
of  iiluminii  in  .tiliceous  substances  that  the  iMivr  are  uftca] 
imiK-rfcctly  decomposed  bycart)onated,and  evcnbycaustioj 

By  the  mctliodK  whirb  have  been  described  in  lb»] 
proix-ilinp  papos,  tbf  seimralion  of  silicic  acid  flrom  tnootl 
l>ases,  it!  easily  cITectcd.  Ai>  nearly  all  the  bfUM»  wilkj 
vrhicb  silicic  acid  occurs  iu  combination  arc  soloble 
muriatic  and,  tlwy  are,  nfcoap*',  always*  nintaiDed  in  thol 
ninriHtir  »cid  Aotution  tillered  iVom  tbc  silicic  acid.  ^n»aj 
tbe  tm.se  is  one  of  th<u(C  whicb  arc  in-solublc  in  muriauaj 
acid,  such  as  o\ide  of  silver  or  protoxide  of  lead,  lliej 
operntor,  as  it  has  Ihtii  already  remarked,  instead 
muriatic  acid,  employs  nitric  acid  for  the  analysis,  tlicml 
or«,  however,  in  the  separation  of  silicic  acid  front 
few  bases,  a  variety  of  particular  pn'caulions  lo  be  ob-] 
served.  Wc  shall  now  pixicoed  to  the  considenttion 
these  cases. 

Sfp»rati4fn  from  Phngplionc  Afid. — If  a  siliceoos  sobij 
Stance    contain»    phosphoric   acid,  and    is  dec 
by  muriatic  acid,  then  the  whole  quantity  of  tbe 
|)1iorir  arid  and  of  the  )>a.*u^'(  which  were  rombiaed  wA ' 
the  plutsphoric   and  .silicic  acids,  arc  cnntained   in  thr 
muriatic  acid  soJiition  which  in  liltercd  from  tbe  ondi»- 
solved  silicic  acid.    These  bases  ar«  sepantird  from  die 
phosphoric  acid,  after  niethod»  which  have  licen  descriMi 
in  the  frire^oin»  sections.     It  is  better,  bowevcr,  to  mitj 
the  .lilicFOtis  .subKlancc  immediately  with  three  or  fe 
parts  of  carbonair  of  |>otaKh  in  a  piafinum  rniciblc.  aol^ 
therewith  to  ij^nite  it.     If  the  siliceous  substance  be  Ml' 
decnmpOHable  hy  muriatic  acid,  then,  ha^i^f;  been  p*l- 
veri^icd  and  washed,  it  must  in  every  casM  t>e  treated  in 
this  manner.     Water  is  poureil  over  the  io^niied  nuui, 
and  the  innnlublc  pftrtion  is  httcn-d  and  wojihcd.     In  Uiu 
case,  the  solution  contains  phosphoric  acid  combised  wii^ 
potash.      It  also  contains    tite   excess  of  carbODftle  of 
potash.    The  insoluble  matter  coualsts  of  .-lilinc  acKl,ud 
the  bases  which  were  contained  in  tbe  substance  saboulttd 
to  analysis.     The  separation  thus  cffi-ctcd,  is,  bowwrr, 
not  quite  complete:  the  Molution  retains  u  small  quMntil) 
uf  silicate  of  pota.sh.    The  opcraior  adds  therefore  it  liith 
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carbonatt!;  of  ammimia  Ui  (be  solution,  and  cxjkisvs  it  t»  a 
sli^it  evaiioratiuii,  ii|k>ii  nliicii  ftorkü  »f  silicic  arid  are 
deposited.  Tlii»  silicic  acid  J.«  (illf^rwl,  washi-»!,  and  added 
to  ihe  mass  \rbich  was  left  undissolve!  by  the  watery 
anluiion.  Muriatir  arid  is  poured  over  the  insoluble  re- 
mainder; njmii  xvhich  an  immediate  decomposition  tak<'s 
place,  and  gelutinouK  HÜicic  acid  in  de]K>.>iiu-d.  Tkat  tlio 
whole  quantity  of  silicic  acid  may  be  obtained  the  solution 
i»  eraporatcd  to  perfect  drynejut;  a  capsuln  of  platinum 
or  porcelain  lieing  employed.  This  ojtcration  renders  the 
Kilicic  acid  inwduhle.  The  dry  mass  is  moistened  in  an 
uiiifonn  mauiier  with  muriatic  acid,  and  aH^^r  mtmc  time  is 
treated  with  water.  Tbc  insoluhic  »ilicic  acid  in  ^«epaiaicd 
by  filtratioo,  and  the  bases  are  precipitated  from  the  fdtered 
solution.— In  this  opcratioQ,  it  is  best  to  filter  tbe  ma^is 
which  is  insoluble  in  water,  u|>on  tbe  sn:allcst  possible 
filter,  and  alter  it  has  been  washed  with  water,  to  place  it, 
filter  and  all,  in  the  muriatic  acid,  for  it  is  dilbcalt,  «-iven 
after  the  toost  complete  drjiut:,  to  se)>amte  the  mass  frooi 
the  tiltcT  »vitlmut  loss.  The  silicic  «cid  (hen  obtained,  is, 
it  is  true,  rendered  blacL  by  i^itiou,  iu  conscqueuce  of 
tbe  presence  of  charcoal ;  yet  its  white  colour  can  be  ^^- 
Btored,  if  the  i<ruition  is  somewhat  lon^  continued  and  tlie 
air  is  allowed  free  access. 

It  remains,  in  this  case-to  dctenaiuc  the  i)uantity  of  tbo 
pbospboric  acid.  The  solution  filtered  frwra  the  in.>oliib!e 
matter,  is  supersaturated  vvilti  imiriatie  acid.  This  must 
b«  performed  with  care,  that  no  loss  may  I«*  occasioned 
by  tlie  pnMlut-lioii  of  loo  violent  an  fller^esccDcc.  Too 
^reat  an  excess  of  muriatic  acid  is  at»o  to  be  avoided. 
Tbe  saturation  ia  best  clfected  in  a  shallow  capsule  of 
platinum  or  |)oreclaio.  Tbe  acid  solution  is  then  allowed 
to  remain  uodisturl>cd,  merely  covered  witfa  filtering  paper, 
fur  twenty-four  hours;  at  tbe  end  of  this  time  the  free 
carbooic  acid  is  disenga^-d  from  the  solution.  Fur  the 
sake  of  greater  certainty,  the  solution  can  afterwords  be 
bcated,  or  even  boiled  for  some  tiiue.  When  tliis  is  done, 
the  sobition  is  (toured  into  a  Onslt  which  can  be  closed 
air-liKht  with  a  corL;  an  excess  of  ammonia  is  then 
added,  and  immediately  afterwards  a  solution  of  chloride 
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W  hon  «He  pFoHphnlp  of  lime  is  well  drifMl.  it  b 

wcif^htHl ;  it  in  t))t>M  ili>roin|ioscil  by  sulphuric  i 
is  added  to  the  wtlution,  and  the  sulphate  f 
Ii'rrd.  When  the  Mcight  i>f  ihr  siilphiitc  tit'lii 
Ifacquunlity  of  tin'  phiwplioric  arid  liy  whJnhj 
previously  saturated  can  be  calculated.        ■ 

^Vll(■tl  ihti  siilLKlHiice  r<ir  annlyiiiN  r-«intHiiH 
acid,  uiti)  a  Ut^  quantity  of  atuminn,  and 
quantity  of  silicic  acid,  it  i-s  proper,  befotv  thi 
id  cxpodfd  to  beut  with  carbonate  of  potash, 
so  murh  stiit'ic  ncid  that  the  i^iitcd  mass  i 
about  one  and  a  hull'  puns  of  silicic  acid  to  i 
phosphate  of  alumina.  The  silicic  arid  mus 
to  its  addition  (o  llie  mineral.  Im;  I^Tiiicd  i 
platinum  cnioihic,  nml  upon  becümini;  tiufBcle 
vrry  accurately  weiirlied.  Tlie  weiprht  in  aD« 
dedui-KHl  from  Ihat  of  [be  whole  quantity  nt 
furnithed  by  the  analysis.  ^ 

SepamtioH  from  Sulphuric  Acid. — When^ 
compound  snbinitled  to  anidyaia  contuins  snl 
iind  the  conipoiiml,  after  being:  pulveriä«^,  U 
by  muriatic  acid,  then  the  whole  of  ihr  sulpl 
contained  in  the  solution  filtered  from  the 
The  «lulphiirir  acid  is  prrcipltiitcd  by  a  soluti« 
of  bnriuni,  and  its  quantity  is,  in  th«  usual  n 
mated  from  the  weight  of  Ihe  atilphate  of  hd 
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ipo^blc  by  muriatic  ncid,  it  inuHt  be  reduced  to 
ponder  by  Irvi^atittii  and  wasliing,  and  in  thnt  slate 
litcd  with  carbonalc  of  pol»sh  or  orsmlii.  T(n;  ipiitcd 
is  tlicn  trt-atrti  vvitli  waUir,  «liirli  di.-tsolved  both  the 
'Sulphate  of  alcali  thus  fvrmcd.and  the  excess  of  cariKinate 
of  uliriili.  The  SDliition  i.t  cuiitiotiüly  acidulnu^]  by  muri- 
atic acid,  uud  tix;  sulphuric  acid  in  precipitated  by  a 
solution  of  clUorido  ofbariiini.  The  uinit.s  which  remained 
Bndi»siilTcd  by  the  vater,  is  then  dfcom[M>.si'd  li\  miirintic 
acid,  Generally  spooking,  ihc  same  precnutioni^ry  maa.- 
laresare  to  lH'ul)^rved  in  the  pcribnnunreof  this  annlysis, 
as  mu:4l  he  olxser^ed  in  th»  c\aiutnutioii  uf  tiucb  sUiecoos 
•ubstancea  as  contain  phosphoric  acid.  These  precaa- 
tion^f  hiivc  beet)  mentioned  abuvc. 

Separatwn  from  Sulphur  or  StilpAvrtU, — If  u  »lUceoas 
snbtttancc  which  is  to  be  analysed,  ronlains  sulphiir  com- 
bined with  a  metal,  auil  furniiit-;  u  metallic  stilphnret, 
nviiirh,  for  example,  is  the  case  with  the  native  coin)M>und 
tlio  IfeKinc.  and  if  farther,  this  siliceous  c(tni|M)und  ia 
decomposable  by  arid«,  then  the  best  melliod  of  pr<v 
ceedinj;  is,  that  of  tinely  piilverixin;;  the  compound,  and 
treating  it  with  luming  nitric  acid.  By  this  operation,  «II 
the  sulphur  iri  converiud  into  sulphuric  acid.  l*he  silicic 
arid  is  tlicn  separated  by  the  filter,  and  the  analysis  is 
carrieil  on  in  the  manner  which  ha^  l>ecn  deiicribcd  abo\e. 
C.G.OMiii.iN  employed  this  method  in  his  analysis  of  the 
Uelviitc.     (FoooENDURpp's  Annalen,  B.  lit.  p.  ^S). 

feStpa^ufioll  from  Os'td«  nf  C&ntmium. — If  a  siliceous  sut»- 
tancc  contains  oxide  of  chniniium,  and  il^  at  the  same 
'  lime,  it  is  ea-^ily  deijomposublc  by  muriatic  acid,  tlic 
analysis  is  accompanied  by  no  difiicnilties.  The  oxide  of 
ehromimu  t^  found,  witli  (he  other  bases,  in  the  solution 
filtered  from  the  .silicic  acid.  It  is  »«pamtcti  from  these 
bases  by  mctliods  which  have  been  deseribed  in  the  pre- 
ceding puf^cä.  But  if  tile  compound  l*e  not  decomposable 
by  muriatic  acid,  it  must  lie  fu^,  in  the  ordinary  manner, 
vith  caiiwnale  of  potash  in  a  platinum  crucible.  The 
ignited  mass  is  aftcrwnrds  (riinsfem'd  to  a  K'ass,  and 
snprrsaturateil  with  muriatic  ncid;  üumc  prcK:aulions 
being  taken  which  have  rci»catcdly  been  alluded  to.    Tlic 
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cau8tic  potash,  then  treats  the  i^ted  mass  « 
acid  and  alcohol,  evaporates  the  whole  to  ( 
moiutenR  the  dry  nins»  with  muriatic  acid; 
time,  be  adds  a  quantity  of  water,  uiiil  pun 
rcniaina  undts-tolvcxl.  The  Mttulion,  filtt'rt^l 
acid,  contains  oxide  of  chromium,  and  mt 
the  solution  Ol'  ovide  of  chromiutn  obtaiiM 
thcKubscqiiont  stops  of  thp  aDiiIyKis,  the  oxide 
is  precipitated  in  company'  with  |H*ruxido  <^ 
iiltiminu,  and  i»  iurp»r<tlc«l  from  thcjic  sobstl 
procesii  dcäcribed  at  pa^e  lOO. 

Separation  fr</m  Titanic  Acid, — Many  cliffici 
the  separation  of  »iUcic  acid  from  titanic  I 
compound  uhich  contain»  holh  substutir-cut  | 
kind,  that  it  can  k?  dccumposctl  hy  tniiriatic  i 
i»  digested  nith  Dial  »cid,  hcitiK  lintt  ünrly  p 
iu  cadc  of  necessity,  reduced  to  the  tineüt  »tat 
hy  Icvigatioii  niid  washing.  But  the  digvat 
eflectcd  in  the  cold,  or  at  any  rale  must  bo  8 
so  gentle  a  degree  of  heat  that  the  titanic  acid 
«ipilatcd;  ffir,  if  uqcc  that  acid  be  deposited 
usain  dissolve  iu  any  excess  of  muriatic  acid. 
ccitn)Miund  Ls  completely  dect)iii|)Oäed,  ibc 
.•iilicic  arid  in  tillered,  dried,  and  uoti^hed. 
filtered  solution,  the  titanic  acid  is  prt'cipiti 
monia.     The  small  guantitT  of  BJIifif   mtAt 


ÜRPARATIUN  CRAM  TITANIUM. 


9» 


I 


with  hut  watiT.  Particular  care  miiät,  moreover,  be  taken, 
that  duriDK  the  (UgtistiuD  of  Uic  sulmaiicc  with  muriatic 
acid,  llic  Upüt  »iiplie«)  remain  as  gentle  as  possible. 

Mor«  difficult  is  the  ^paratioii  of  .silicic  acid  i'rom  titanic 
ucid,  wlicn  ihcy  n(-<:ur  tugrtJicr  In  cumpouud»,  which  otJicr 
arid.i  axe  incapaltlu  al'dccoiu|>o8iug.  The  be»t  method  to 
adopt  ia  tlüs  case  is  the  fallowing:  To  fuse  the  tincly 
levigated ciMn|Hiuiul\«ith  carbonatv  uf  potash  ot  carbonato 
of  soda,  iu  a  plaliuiuu  crucible.  To  pour  an  excess  of 
diluted  muriatic  acid  over  the  fused  mass,  and  dilute  ÜK 
solution  uith  water.  The  action  of  the  arid  in  thr  fiu«cil 
sul>ätaiice  must  not  be  aitsistcd  by  beat.  Floi'ks  of  »ilicic 
acid  r<-'tuain  uudisHoIv»! ;  tlie  greater  or  lunallor  (juaiility 
of  which  depends  on  the  greater  or  smaller  quantity  of  the 
carbonate  of  alcali  with  which  the  compouiul  hu»  Iim'ii 
I'lucil,  and  on  ttic  greatur  or  more  iiicunsidenible  dilution 
of  the  acid  employed  to  diiutolve  it.  Tbc  titanic  acid  i» 
cumptetcly  disüulved.  Tile  üolutitm  in  tillered  fruui  ibu 
iiuoluble  silicic  acid,  and  tfae  latter  i«  washed  with  cold 
water.  The  .solution  i.s  thcii5U|icrKa1urutcd  wiili  ammonia, 
by  which  the  titanic  acid  i»  precipitated  tu  company  with 
the  silicic  acid.  Tbc  precipitate  is  lUlered,  and  wusbcd 
witli  c(dd  water.  It  is  then  allowed  tu  hti^come  |M'rfe<rtly 
dry:  the  drying,  however,  must  be  etVectcd  liy  the  air 
alone,  and  not  by  placing  the  precipitate  in  a  warm  situa- 
tion. When  the  pnx:ipitate  in  pcrfe<:|ly  dr>-,  it  is  digested 
in  copcentrated  muriatic  acid,  without  heat;  thereaiMn, 
Iho  titauie  is  diiLsuIved,  while  the  Hilicic  acid  remains 
undissolved.  Tlie  latter  is  separated  by  filtration,  and 
from  the  liUcred  liquid  tli«  titanic  acid  is  precipitated  by 
rWUnonia;  the  precipitated  titanic  acid  is  dried,  ignited, 
«ad  wxigbod.— The  solution,  filtered  from  the  double  preci- 
pitate of  titanic  and  silicic  acids,  contains  still  a  small 
quantity  of  .silicic  arid,  in  addition  to  all  lh«tser<:msliliicnt8 
of  the  substance  which  aounouia  i»  incapable  of  preci- 
pitating. To  separate  the  silicic  acid,  the  solalion  ia 
AUperctatiiratcd  with  muriatic  acid,  and  then  evaporated 
to  dryness. 

When  (he  compouud  to  be  analysed  conlaimi  consli- 
lueots  which  ammonia  is  iocajNtble  of  precipitating  in 


■  po«aT!iIö~5y  liionatip  acid,  bthI  must,  on  tItiriH 
di*coii]|)ost.><J  liy  treatment  with  rarbonale  of  i 
ofWii  found  (littt  the  silicic  und  then  Hepnntted 
siiiiiil  quuiitity  of  ]M-nixidir  of  tin.  The  pen 
iä,  in  thai  case,  st)mclin)c5  combined  with  ai 
especially  with  gluciua,  when  glncina  is  a  co 
llie  siihHtance  subtnittpil  tu  analyüi».  This  ra 
of  {H-ruxiitc  <>f  tin  is  wry-  easily  Dhluincd  by  dl 
silicic  acid,  previously  to  its  ifrnition,  with 
phuret  of  Mniinoniu :  the  tin  iti  theu  dissolved- 
tioii  is  besl  perlonued  as  follows:  The  neck  o( 
upon  which  the  silicic  acid  has  been  tillered 
which  it  »till  irmnins,  \s  pretty  Ihirkly-  « 
tallow,  iuul  in  then  lixed  into  the  mouth  of^ 
in  such  n  manner  as  to  eliwe  the  flask  jiir-tigbt 
Kulpburet  »f  ammonia  is  then  pourud  «iver 
with  which,  not  being  able  to  flow  auay, 
lone  in  rmilnet.  When  it  is  thim^rht  that 
dirisolvcd,  the  funnel  ig  freed  froni  thr-  lloäk,  am 
allowed  tu  descend.    Tlie  solution  of  tin  is  OT 

■  «Irj'nes«,  and  the  dn'  mass  is  slmnply  i(piite<l 
qnanlily  of  Kiilphiiret  of  tin  ht  then  convert» 
peroxide  of  tiu. — With  respect  to  the  pern 
which  may  have  been  diKSulved  by  (lie  luurifi 
an  early  stag:c  of  the  analysis,  the  best  way 
is  to  pii.SK  a  stream  of  siilphnretted  hydro; 
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SepanUioH  from  DtHtoxiiU  of  Copper. — If  a  sUiecoaif 
subdtaiice  coQlaiD  deutoxide  uf  copper,  it  Li  Ih-<i|,  after 
the  separation  of  the  silirir  add,  to  precipitate  the  copper 
from  (ho  arid  solution,  by  n  stream  of  sulphuretted  hydro- 
gen )ins.  Tile  sulphiirpt  of  copper  is  afterwitrtU  to  be 
trcuteii  in  tlu*  maiuiLT  dc:(crilK.'d  ut  pa^<^  111.  WItrn  tJiv 
quantity  of  deutoxide  of  copper  (»nlained  in  a  iiuliiilanoc 
fai  extremely  »mull,  aa  it  is,  for  example,  in  tlie  cupreous 
Idocrn&e  froui  Norway,  it  is  often  very  ea^y  to  miss  it 
•llogettier.  by  neglecting  to  prrcipitat«  it  immediately  alier 
the  .srjianition  «f  the  silicic  arid. 

Srptinititin  from  the  f>.rr</n  of /roH.^ It  has  Wen  already 
meniioned,  at  ]>ase  Ti,  that  it  ii«  quite  impossible  to  dcter- 
aaine  the  rfspe<:liv[*  qunntitic^  of  peroxide  of  iron  tind 
protoxide  of  inm,  cuutaiiifd  in  a  substance  nlucli  caiiuut 
be  decomposed  by  muriatic  acid.  This  i»  tlie  case  with 
the  sdireonA  compoands  »hieb  contain  both  the  oxides, 
and  wbicb  have  to  be  decomposed  by  treatment  with 
carlioniilcd  or  cauf^lir  aleali.  When,  however,  the  two 
oxidpM  occur  in  a  »iliceuus  coinjMUnd  which  is  dccum- 
po.<uib)e  by  nniriatic  acid,  an,  fur  exaniplc,  is  the  caxe 
witli  \he  niiucral  called  llvait  or  Livvrite,  the  proportion 
of  the  oxidcü  can  be  determined  by  the  following  melbod : 
A  portion  of  the  rompoiind  is  placed  in  a  Hiusk  which  can 
be  closed  air-lij|;1il,  and  ia  treatinl  nilb  muriatic  acid  in 
the  manner  deseribed  at  pa<re  <%).  ^^'ht•ll  ibu  deroni|>osi- 
tion  of  the  compound  is  fully  effected,  and  every  thing  but 
tlie  silirir  acid  is  disMdvcd,  liquid  sulphurettnl  hydri^^n 
U  added  to  the  solution.  After  some  days,  when  the 
polulion  hits  Itecotne  clear,  the  mixture  of  silicic  acid  and 
sulphur  I*  seiKirattfd  by  liltntltou,  tmd  washed.  It  1.1  then 
permitted  to  become  pertectly  dry,  and  is  aAcrwiird.s  caa- 
tiouAly  treated  witli  nitric  acid,  by  which  the  sulphur  is 
completely  conrertod  into  jsulphnric  acid.  The  silicic 
■rid  is  separated  by  Miration,  and  the  salpburic  acid  i« 
precipitated  from  the  liquid,  by  a  solution  of  chloride  of 
iNiriiiiii.  It  is  neces-sary  tu  treat  the  siliric  acid  a  second 
time  with  ruoiiiii;  nitric  acid,  to  a-srcrtain  whether  it  lie 
altoffciher  free  from  flulphur.  From  the  weight  of  tho 
nilpbate  uf  baryluK,  (lie  quantity  of  ptv'cipiluled  siUphur 
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iit  vakulatcfl,  aud  this  leads    to   the  esumatiuo  af|i| 
quantity  of  peroxide  of  iron  reduced   hy  the  liqnid«^ 
phurctted  hydrogen  to  protoxide.       Thu  sulutwo  itü 
has  been  filtered  from  the  ouxture   of  silicic  k^  ml 
.sulphur,  is  now  to  be  mixed  with  nitric  acid,  for  dc  p»J 
posp  of  oxidising  the  protoxide  of  iron  it  contuiDs.  Atj 
ppmxide  of  iron  i.s  then  to  be  precipitated,  and  nq^ 
The  quniiLity  of  iron  whith  it  contains  is  calcuUted  fM  [ 
its  weijrht.    The  operator  proceeds  in  the  next  pün,i| 
dotermiiie  the  «lauotiiy  of  the  utlter  coustitnenu  >tej 
have  a,\so  been  di»>iulvcd  by  the  niuriutic  acid. 
.\nother  portion  of  the  sumc  substaucu  is 
bj  muriiitic  acid,  with  the  «amo  precautions  aa  thci 
aud  aläo  ^vith  the  exclusion  of  atmospheric  air. 
snhiiion  whirh  is  ohtaincd,  a  Kuluiiuii  of  cliloridf  ofj 
and  .smliiiin  ix  added.     AAer  the  Inpse  of  suttiedi]},Ä] 
solution  in  ltltcre<l   from   the  insoluliU;    remaindrr, 
oonaists  of  a  mixture  of  silicic  acid  and   nK-talljC] 
Tbe  nixtur«  is  n-ashed,  dried,  ifEaitc«!,  and  wri^hei  1] 
is  aflomardti  treated  u'ith  aqiia  rcfdu,  ^vhicb  di^ioli 
goldt  and  leaves  the  silicic  acid  utituuiJiefl,     Tbc 
of  gold  which  was  mixed  with  iJie  silicic  acid,  udbl 
been  dissolved,  can  cither  lie  detcnuiiicd  fnim  the  Im^I 
weight  of  the  silicic  acid,  »r  by  reprccipilation  Itm  Ai 
the  .sohitioo.     From  the  quantity  of  gold  the  quoatini 
protoxide  of  iron,  contained  in  the  substance  fiahluUf'' 
uoalysis,  i»  calculated. 
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Quantitative  Eetimaliim  of  Taittftlic   Add.— 'Tbc  aW 
compouiHJä  of  tantiUic  acid  withstand  the  actiuo  ■(  >* 
riatic  »cid,  und  tan  only  be  decomposed  by  ii^oitioDtdj 
cauKlic  or  carlwnated   alcali.     This   operation  prodv» 
lantalate  of  alcali.     Whrn  the  ignited   mass  is  tirtW 
with  water,  thi«  compound  docs  not  remain  nndiweltT^'l 
but  after  the  excess  of  alcali  hiw  Imjcd  remt»ved  bj  wva 
(he  tantiilate  of  alcali  diüsolve^  uJsti.      Xf  thu  solutM'l 
ill«  tantalate  of  alcali  is  saturated  by  muriatic  acid,  «^ 
a  view  to  precipitate  the  tuutalic  at'id,  vir  if  the  iipiM 
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mass  is  treated  directly  with  water  and  muriatic  acid,  it  i» 
very  difficult,  in  ultlicr  ctkse,  to  obtain  at  once  the  whole  of 
tlie  tantalic  at-iil.  Bt>,>iiHcs  tlic  quantity  wlticli  iü  thrown 
Oowu  ai  tirsi,  other  portions  have  commonly  to  be  sepa- 
rated Irom  the  other  oonstitacnis  of  the  mineral;  the 
O[Mrru(i0D  in  con£e4)UcntJy  troubtcijome,  and  tlie  rcäull  of 
the  analysis  uncertain.  Bkrzklius  ( AfhrmiHingar  etc. 
T.  IV.  p.  108)  has  therefore  advised  the  derompositinn  of 
ÜKW  conijMMitids  lif  fusion  with  lii.sulphale  of  potash,  a 
procciut  which  yields  much  more  sutLsfuctory  nr-siilts  than 
tlie  above.  To  this  oud,  the  tantalate  is  ptdverised  and 
finely  leviiirated  with  water.  The  powder  is  dried,  and  a 
weigliei)  |Hirttim  of  ii  in  mixed,  in  a  lar^e  piutiniini  rnicihle, 
with  from  six  to  eiglit  liroeit  ita  weight  of  bisulphate  of 
potash.  The  mixture  li  then  healed  by  the  flame  of  a 
spirit  lamp  with  double  current  of  air,  till  it  becomes  red 
bot  and  nin.s  into  fusion.  As  soon  as  the  whole  appears 
like  a  clear  liquid,  and  no  undissolved  powder  can  be  seen 
at  til«  Ixitlom  of  the  rnieible,  it  is  permitted  to  cool.  The 
melted  mass  is  aflerwants  boiled  repeatedly  with  a  lar^^ 
quantity  of  water,  until  all  tin;  .>M>Iuhle  matter  has  been 
extracted.  The  whole  quantity  of  the  tantalic  acid,  which 
bad  been  disriolvcd  by  the  fused  blsulphate  of  potuüh,  then 
remains  undissolved,  while  tlie  bases  which  «ere  contained 
in  the  compound  are  di.<u(olTed  in  the  free  sulphuric  acid  of 
the  bisul|))iatc  uf  pota-sb.  The  .•uilntio»  containing  the 
bases  is  tillered  from  the  taiiiallc  acid. 

iyrparotion  of  Tantalic  Aeidfrom  the  Oxidt»  of  Tin^  Irottt 
Turifixie»,  nml  other  Sabntancvt  vrhteh  vecur  itith  it  in  Taa- 
tatite^ — Tantalic  acid  is  separated  in  the  above  maimer 
front  nearly  nil  tlie  ImmHcs  with  which  it  has  hitherto  been 
found  combiuej.  The  tantalic  acid,  thus  pnfripttatcd,  is, 
b«wever,  accorditij;  to  ItKKZt-.Llt's,  not  pure,  but  Mtill  com- 
bined « ilh  very  small  quaiiiities  of  otiier  substances,  from 
which  fusion  uith  bisulphnie  of  pola^  im  ineajKible  of 
separating  it.  Tlie^e  small  qaantities  of  loreifpi  iNMÜes 
consist  principally  of  peroxide  of  tin,  peroxide  of  iron,  and 
oDrn  of  tua<;slic  acid,  tlic  whole  of  Mhich  uiiii>t  l>e  cpianti- 
tatively  estimated.    Wbui,  lUcrefure,  the  undissohed  tan- 
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laltc  acid  lia.1  lirrn  property  vdulcoraled,  it  is  next  di^icstcd 
witli  biliydmsulphuret  of  ammonia.  The  cfTect  of  this  is« 
to  dissolve  the  tiini;stic  acid  ami  the  poroxide  of  tin,  nnd 
to  convert  the  peroxide  of  iron  into  siilphuret  of  itva, 
which  then  remains  tmdissoived  with  the  tanialic  arid,  oa 
vrhiirh  t'onipttiinil  thr  hih ydri>.siilptiiin-t  of  animoiiia  has  Dot 
the  slightrst  actinii.  The  digestion  is  best  pcrturuied  as 
fulluws:  Tlie  fimnel  upon  which  the  impure  nitric  arid  bos 
been  uttered  is  placed  ju  a  {iask,  and  the  neck  of  both  U 
greased  witli  tullow  in  Hurh  a  manner,  that  the  flasL  14 
closed  quite  air-tight  by  the  funnel.  Bihydrosulpharet  ciT 
ammonia  is  tlicn  poured  on  the  lantalic  ncid,  nnd  not  l<riiiff 
uh)c  to  run  down  into  the  ftusk,  remitins  n  lon;;^  tinir  in 
contact  with  the  tantatic  acid.  When  the  operator  belioej 
thai  the  peroxide  of  tin  and  Ihi^  lunipttie  ncid  hare  bvrn 
completely  converted  into  metaltie  «ulphurets  and  dis- 
solved, he  allows  the  liquid  to  run  down  into  the  flmi. 
The  nii\tnrr  of  »ulphnrct  of  iron  and  lanttilic  arid  still 
reuainini!  in  (he  tiller  ii^  washed  with  water,  to  whicb  a 
little  biliydrosiilphiiret  of  nmnionia  ha^  been  added.  Whm 
this  has  lieeJi  done,  und  the  funnel  has  iKren  auain  fived 
air-tight  into  the  (In^k,  muriatic  acid  is  pourtnl  over  the 
tantalie  acid  on  the  litter,  and  is  allowed  to  di<;t-.-(t  there» 
with  lor  a  short  time,  in  the  same  oinnnrr  that  the  bibydro- 
suIphuTct  of  ammonia  was  previously  permitted  to  do  so. 
When  the  sniphurel  of  iron  is  dissctlved,  the  solntion  is 
allowed  to  run  dnu  tt.  The  tantalie  arid  is  then  edulcorated 
with  boiling  water,  dried,  i^iited.  and  weighed.  For  the 
sake  of  iiisur>ii<;  the  ^prealest  de<;ree  of  accuracy,  it  (^ 
proper,  alter  hannK  weighed  the  tantalie  acid,  to  cxmnine, 
by  experimeutä  with  the  blowjtipe,  whether  it  tie  I'k«  fmn 
peroxide  of  tin  and  tiinirstic  acid, — Bkkkklivs  preripf- 
tates  the  solution  In  bihydrosulpliuret  of  uminoniü,  by 
nitric  acid,  and  treutt  the  preeipilnte  with  aqua  re^ ;  the 
undissolved  tunifsUc  arid  is  then  liltered,  and  is  wasbe^; 
on  Üie  lilter  with  water  slifjhtly  acidulated.  The 
of  tin  is  precipitated  from  llie  solution  id  aqua 
ammonia.  The  muriatic  acid  solution  of  iron  is  mixed 
llic  liquid  which  HAS  altered  from  the  impure   lanialir 
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acid.  TtuK  miwil  solution  then  contains  iron  with  a  por- 
liim  of  till,  tile  best  separation  of  which  is  elTected  by  sul- 
pbureticfl  bydm^en  gas. 

Separation  of  Tantatic  Acut /ram  Yttria,  the  Pervxideof 
l/ranivm,  ^'c. — Analymt  of  Yllnt-TaulaUie. — The  ftbiivf  iA 
the  method  of  analysis  when  the  tantalic  acid  is  combined 
with  bot  small  (|itautitit><i  of  tliv  biLWH,  as  is  the  tasu  with 
the  tantuliies;  hut  a  ditTvrt-iit  pruct-iM  is  rcquired,  »hen 
larger  quantities  of  tlie  bases  are  present,  as  in  the  yttro- 
tantalilc».  The  compotind  is.  however,  still  fii.sed  with 
bisulphuto  of  potash,  and  the  fused  ma£s  treated  with  a 
.siiDident  quantity  of  boibne  water.  When  this  has  been 
done,  the  itolution  is  dei:anted,  and  the  undissolved  residue 
is  digested  for  a  cuiwiderable  time  with  (rouceuinited  mu- 
riatic acid.  The  inMilubk-  matter  is  thcu  IJIlcred  and 
washed,  and  the  muriatic  acid  solution  is  mixed  with  the 
olber  liquid.  The  in^ioluble  matter  in  then  dii;es(ed  nilb 
bibyiirosiilphuret  of  amnionia,  and  at'terward.H  wiiii  muri- 
atic acid,  in  the  manner  which  has  bceu  descrilicd  above. 
What  remains  uiidis-solved,  after  this  trealiucut,  i.s  tantaiic 
acid. — The  peroxide  of  tin  and  the  tuui^cic  acid  are  preei- 
pilated  frum  the  acid  solution  by  sulphitrctted  hydrui^ea 
^s;  and  the  resulting  sulphiin-ts  arc  mixed  uith  those 
which  are  precipitated  by  an  acid  from  the  solution  in 
bihydrosulphurct  of  ammonia.  To  (he  solution  (lltcnHl 
from  the  metallic  sulphiiret-s  a  little  nitric,  acid  is  added, 
and  tlic  whole  is  wanned ;  by  this  mcana,  the  protuvide  of 
iron  is  cmvcrled  into  [H-ru.Yidi>  of  iron,  and,  ujiou  the  addi< 
tion  of  anuiiouia,  a  precipitate  is  formed  which  contains 
peroxide  of  iron,  yltria.  and  peroxide  of  uranium;  sup- 
posint;  the  two  hitter  to  t'urm  ]»art  of  the  compound  sub- 
mitted to  analysis.  This  precipitate  is  rapidly  tillered, 
and  the  filtered  solution  is  iiiiied  with  oxalate  of  ainniunia 
in  order  to  precipitiile  the  lime.  Ttif  precipitate  of  per- 
oxide  of  iron,  yttria,  and  peroxide  of  uranium,  is  redissolved 

Iin  nitric  acid.  It  frequently  happens  that,  upon  making 
this  .solution,  a  very  small  |>ortion  of  tantalic  iicid  remains 
undissolved,  the  quaiil  ily  of  v%  hiiJi  must  be  estimated.  The 
precipitation  of  the  peroxide  of  iron,  fiviu  this  solution,  is 
effected  by  means  of  carbonate  of  ammouiu.    It  is  more 
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difiicuU  10  Hcpamtc  the  yttria  nnd  peroxide  of  omnium 
from  one  »Dother. 

Sirpnrntimi  of  Tantalic  Arid  from  Silirie  And. — Shoiild 
tantiilic  acid  Imre  to  be  »«"paratrd  fntm  Rilicip  acid,  the 
bejrt  mftthod  of  »penitin^  would  bo,  lo  treat  ibo  mixtore, 
afl«T  ignition,  with  hydrolliionc  acid,  in  fi  vrns«^!  «f  pla- 
liniiu).  'Hie  .silicic  acid  would  then  he  dis^olvctl,  trhili- 
the  ignited  (antalic  acid  would  remain  Insulubte.  Acttinl- 
in?  to  Bhrzklu'S,  howevrr  {PocRevDORpp's  Afioalea. 
B.  IV.  p.  (i).  the  tantnlic  ncid  takes  up  n  (idle  hydrnflaanr 
acid,  hut  lutucs  it  agnin  on  being  exposed  (o  ignition. 

XLTV.    CARBON. 

QHantitaiive  Egtimatitm,  by  Combaxtion  in  the  aprn  Air.— 
Thp  quantitative  GKtimation  of  carbou  can  hr>  fflerted  lit 
Taridiis  methods ;  one  or  other  of  which  \»  adopte«)  arcud- 
in^  to  the  state  in  which  the  rarlKtn  exists  in  the  »iibxtxiKY 
to  be  analypcd.  When  carlwn  is  only  mii^hanically  mixed 
with  other  substances,  or  when  it  exists  therein  in  «n 
easily  comhiistihle  slate,  then  it  iK  oHen  merely  oeceASUy 
to  ignite  the  Knlwtanrp  in  the  open  air,  to  efiect  its  enlin 
separation  by  coniljiistion.  The  quantity  of  carbon  is,  bj 
thi.i  method,  determined  from  the  loss  of  weiirlit ;  bill  ibi« 
method  can  only  be  followed  in  those  cases,  in  which  n» 
other  subrttanco  capable  of  t»einj;  ronsiimed  or  volatilM 
is  present  at  the  san»e  lime:  when  other  TulntJIe  00^ 
stances  are  pnv«ent,  the  quantity  of  carbon  ciuiDot  \» 
csliniateit  from  the  loss  of  weight  occasionetl  by  iintilimi. 
The  plan  hiui  been  put  into  practico,  of  analysing  kbtIi 
substances  by  heating  Ihcm  in  n  small  retort,  with  exrln- 
8iun  of  atmosfdieric  air,  to  separate  the  volatile  ronsli- 
tuenlM,  of  nhirb  the  quantity  is  dctennined  by  thi!  lussaf 
weight.  Thereafter,  upon  asrain  igniting  the  substuite. 
and  this  time  with  access  of  air,  for  the  purpose  of  occ»- 
sionini*  the  rombuslion  of  the  carbon,  and  upon  agiin 
aseertaininK  llie  Ioks  of  wei^bl,  the  o|icrH(nr  finds  tlv 
(|uantity  of  carbon.  The  results  aflforded  by  tliis  melW 
are,  however,  far  from  bein^  nccanite,  and  in  many  rasri, 
do  not  even  approach  the  truth ;  the  cause  uf  this  is.  iImi 
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tb«  volatile  cotiAlilucats  wry  often  fona  volatile  com- 
pnunils  with  the  carbon. 

Jiitimation  6y  Conrtrxion  into  (iir&twif  Acid, — To  deter- 
mine the  qiintitity  of  cnrtion  ia  a  snlwtancc  which,  at  the 
hMnc  tiniff,  ('JtntainH  volatil«  iKidien,  tlie  tomiuon  mt^lhnd 
pöf  prortMxIiue  is,  to  convert  tlic  airhoii,  liy  (ixidatinn.  into 
I  caiiiouic  itciil,  and  thm  eitlicr  to  eetiniate  the  cgnMntity  of 
the  carlM»nic  acid  (torn  the  bulk  of  the  pas,  or  to  lead  it 
into  liuji-  water,  or  ls*fyüc  water,  to  dotonnine  Iho  weight 
of  earthy  carbonate  prodaoed,  aiid  tbereaptm  to  calculate 
tin-  qiianlity  "f  nirliun.     Difrcrent  (>n)(-rs«'s  «re  follnwed. 
in  tilt-'  conversion  of  carlion  into  corl>onic  acid,  according 
to  the  more  or  le^^  intiinntc  i-omhinalion  of  ib«  cariMm 
whh  other  sulisliiiireH,  :iml  arronlini;  alMi  to  tlio  particular 
nature  of  ibe  roml)iitetl  Hubstiuices. 

Oxifiatifra  of  Carhott,  by  Deutoxide  of  (Jopper. — The  be«t 
method  nf  oxidisini;  the  citrlwn,  in  a  rartH>QureoM8  itul>- 
stance,  ia  that  which  h&s  bt^cn  ^iven  by  Gav-Lci^hac:  A 
weighed  iwrtion  of  the  compound  is  i^itcd  in  a  proper 
apparatus  irith  deutoxide  of  copper;  the  cariion  reduces 
this  oxkle,  becomin);  h.s«:)f,  whrn  u  KufHcient  excerctt  of  tlie 
metallic  oxide  is  present,  cnuipletely  converted  into  car- 
bonic acid.  If  the  substance  submitted  to  examinatioti 
contain  other  constitu(>ntfi  which  can  at»o  reduce  the  dout- 
«xide  of  copper,  then  the  carlwnic  acid  which  is  prtKlured 
IK  roniinonly  accoropanird  by  other  vnhililc  sitlMlancx^a. 
Ah  it  ia  almost  »Iway»  (he  aute,  that  the  carUrn  in  rarbu- 
naccous  iKHÜeä,  which  arc  to  be  decomposed  by  deutoxidc 
of  ntpiKT,  is  accompanied  by  hydrogen,  on  which  account, 
the  combustion  with  deutoxidn  of  copper,  protlnoeA  both 
carbonic  acid  and  water,  xo  ihe  circitni«itantial  description 
of  the  apparatus  necessary  to  be  employed  in  tbJa  openi- 
tion,  and  of  the  prcc«tittonar>  measures  to  be  ob«crvcd  in 
condiietini;  it,  shall  be  given  in  the  fifty-tirst  »oction  of  this 
Part,  which  will  treiil  at  len^^li  of  Ihe  means  of  cfTetiting 
the  quantitative  estimation  of  hydrof^en  and  of  its  com- 
pounds. 

OxiiiatioH  of  Carbon,  btf  Oxygen  Gax,  Chlurate  of  Pctas/i, 
and  Nitrate  of  Potash. — Instead  of  deutoxidc  of  copper, 
the  analyst  can,  in  many  case»i,  employ  oxygeti  gas,  or 
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chlorate  nf  potash,  anil  in  some  caHcs,  njlrate  of  pola^b; 
the  wlitiJu-  <)("  which  botlicM  arc  capable  ol'  f-onvcrting  carboa 
into  carbonic  acid.  In  the  use  of  chlorate  of  poto^b.  tlw 
o)H;rator,  in  tnuRl  ca.s«it,  employs  nii  »ppamtus  sinulur  (# 
that  of  whicb  be  luakeK  t]Hi>  in  the  empluyment  of  deut- 
o.vide  of  copper.  Niiraleof  pota-nh  is,  however,  fnxiuoiiily 
employed,  parliciilarly  wh«m  the  «ubstanccs  to  b*-  quanti- 
tatively analysed  are  mixtures  of  carbon  with  other  cobk 
hiisMlile  .stib.<4t»nce3  which  have  been  pre|K\rcd  fortechnio«! 
pur]>o.s4-s.  Tti  this  COM),  ihi;  openitor  s;<>tit'rally  eatiiimti'^ 
the  quantity  of  the  acids  rcüulling  from  the  oxidatiuDoT 
the  other  «ubslunces.  which  acids  combine  with  tb«  potash 
of  the  nitrate  of  potash:  the  whole  quantity  of  the  car- 
bontc  acid,  or  of  the  carbon,  is  then  lutccrtoined  front  the 
amount  of  the  loss.  It  is  possible,  honevcr,  to  deterraiDe 
»l.s(i  ihr  quantity  of  the  resulting  rarlMinic  arid  ;  a  purtioa 
thrrcol' combine:«  witli  the  iM>tii>h  to  carlionalo  of  potart, 
while  another  portion  iti  volalUized  oa  carlmuic  acid  pta. 

!>epirr<itioi>  fnym  other  SukstarKts  by  Muriatic  Acid,'^ 
When  carbon  is  combined  with  substances  which  are  Atjits- 
ble  in  non-oxidising  acids,  such  as  muriatic  acid,  then,  b]r 
treating  such  substances  by  these  acids,  the  carbmi  is 
ohtaincrl  ii-s  an  in.solul)lr  rrniatiiilrr:  the  opcrutor  i;athm 
it  upon  a  neighed  lilter,  wiushes  and  dries  it ;  and  n lien  it 
is  perfectly  dry,  determines  it.4  weight.  It  is  difficult. 
howfver,  to  wt-ijih  pulverulent  charcoal  with  i^reat  ai«D- 
racy  when  it  is  present  in  large  quantities  ;  but  it  can  br 
done  with  small  quantities.  The  opi-Tator  most  netir 
neglect,  alter  wcifThinK,  to  bum  the  charcoal  in  the  opcit 
air,  in  order  to  see  whether  it  cnnlain  any  fureisfu  niuttcn; 
the  ashes  which  may  be  left  are  weij>:hod  and  deducted 
IVom  theweic'ht  of  the  charcoal. — When,  however,  the  sub* 
stances  combined  with  Uic  curhon  dis.soWc  in  dilukd 
muriatic  acid,  under  decomposition  of  water  and  dittii- 
gagemeut  of  hydruf^n  ^as,  then  is  the  present  metM 
intpracliculile,  because  the  disengar;ed  liydrosen  fuiBs 
volatile  compounds  with  carbon,  which  fly  off  iu  the  stale 
of  gas. 

Separation  from  SiHceon«  SubsUinca. — Carbon  itccurs  iMl 
soldom  in  siliceoas  substances.    Bbiizulivs,  in  the  mu- 
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lysis  of  tho  Pyorthitc  (ÄfhmälingaTt  T.  v.  p.  Si),  tttc  only 
native  silicate  ctintainioK  a  considerable  quaotitj  of  car- 
bon ubidi  lias  hitherto  been  examioed,  determined  tbe 
quaotity  of  i!»rlion  froiu  llie  loss  uliiiih  a  weighed  porttun 
«f  tho  mineral  «uflcred  on  being  ignited  in  tlie  op«u  air. 
But  ns,  in  lliis  compouod,  not  only  carbon,  but  water  is 
contained,  it  id  nc^e^uary  to  ifubmit  another  weighed  por- 
tion of  the  mineral  to  ij^ition,  in  a  retort,  witb  exclusion 
'  of  utuiosjihuric  air;  the  loss  which  is  then  suffered,  gives 

the  (juaiitity  of  water  and  of  other  volatile  parts. 
!        Separiuitm   from    Phospkorus, — CarlH>n    pruduccs    witli 
L  phosphorus  no  coiupouods  whicU  haw  been  accurately 
^OTBBiiped.    When  phosphorus  contains  cartwn,  tbe  two 
valtstanccs  can  be  »eimratcd  by  healing  tho  compound  to 
LFiidness,  with  exclusion  of  atmospheric  air. 
I     Sepamtion  from  Uttlphur. — The  coni|}ouad  of  sulphur 
I  and  carbon  vns  examined  by  Bkrki'.liu8  and  Marckt 
I  (Schwkiggbr's  Jahrln/c/i,  T.  IX.  p.  'Mi)  io  tbo  following 
manner :  The  vapoar  of  sulphuret  of  carbon  wa^  led  over 
I  pen>xid«  of  iron  wblcli  had  Iwen  previoiislv  bmujtht  to  a 
liwd  heat.    The  producix  were  sulphuret  of  iron  and  cat- 
^boaic  acid  gas,  the  latter  of  which  was  collected  over 
I  ncrrury.     At  tbe  same  time,  however,  a  small  quantily  of 
sulphurous  acid  was  also  produced;  this  was  obtained  in 
tbe  fcasouus  state,  in  company  witb  the  carbonic  acid  gas. 
Tlie  |K>roxitle  of  inin  wa.s  placed  in  a  glass  tul>e,  which 
«a»  kept  iu  a  state  of  ignition  during  the  operation.     The 
iTapoar  of  the  sulphuret  of  carbon  was  led  over  it  exceed- 
ingly slowly  and  uniformly.    This  was  brought  to  |>ass  as 
follows:  The  sulphuret  of  rartxm  was  placed  in  a  »mall 
retort,  and  wi-iglieil  in  it     The  retort  was  then  connected, 
air-tigbt,  with  that  part  of  tlie  gla&s  tulic  which  was  not 
ignited.     To  vaporize  the  sulphuret  of  carlmn,  tho  retort 
was  heated  by  a  lamp  which  was  placed  only  near  and  not 
beloui  it.    Tho  flame  of  the  lamp  produced  a  suäjcient 
degree  of  heat,  by  radiation,  to  niako  the  gas  produced  by 
the  decomjHisition  pas»  into  tbe  glass  receiver  standing 
over  tbt;  mercury,  at  the  rat«  of  about  one  bubble  oi  gas  iu 
every  minute.  Tb«  radiating  heat  of  tho  furnace  in  which 
the  glass  tul>c  with  tbe  peroxide  of  iron  wa-t  ignited,  waa 
^A»T  II.  X 
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prevented  froni  having  any  effect  on  the  nton.  ^ftl 
interposition  of  a  sheet  of  plate  irop.— At  throidrfill 
opcnitian,  the  |>en>xii]r  til'  irnn,  which  vias  fur  tfei 
part  converted  into  sulpburct  of  iron,  was  carefiiUrtaMl 
with  aqua  re^iu,  and  the  qtiuntities  both  of  tfar  n^l 
8utphuric  acid,  and  of  the  precipitated  sulpfanr, 
fully  dctermiDcd. — Then,  in  onler  to  separate  tkgBl 
which  ha<l  been  rccrivcd  in  (he  glas.s  over  Ibe  on 
the  lollowing  process  Vios  adopted:  A  small  dm 
tilled  with  a  weieiied  quantity  of  brown  oxide  flfl 
was  then  covered  with  clove- lea thiT,  fastened  to  i 
liiic  iron  wire,  and  iiilrudurctl  into  the  receiverl 
mercury.  Tbc  sulphurons  acid  bccuinc  oxidised  tfil 
brown  oxide  of  lead,  and  produced  itulphate  (tf  pfMiAl 
of  lead.  After  the  laptw  of  twelve  houni,  asecoadi 
Jilted  witli  caiiKlic  po1asli,was  introduced  iniiitbei 
in  the  »auic  niainirr.  Hii-  nliji'ct  of*  thi<t  wa^,  tai 
the  carbonic  acid  pas.  When  tfu;  absorption  a{ 
be  at  an  end,  and  the  receiver  seemod  to  contün ; 
but  the  atmospheric  air,  with  which,  prcTioos  to  ih» 
riment,  the  appiiratus  was  filled,  tiien  tb«  litll« 
were  weighed;  the  increase  of  weiffht  giiTe  the  qi 
»ulpbunius  arid,  and  of  carbonic  acid  produced. 
from  Ibeäe  data,  the  coinpo^ition  of  tlic  snlpfaanttf*! 
lion,  could  Ik>  readily  determined. 

When,  ou  the  contrary',  it  i.s  merely  a  mechailfcall 
tore  of  gnlphiir  and  charcoal  which  is  to  be  qmuiliMi^l 
estimnted,  then  the  best  mode  of  [jn»cc«ding  iit  toi 
weighed  quantity  of  the  sultstance   t<i  a  slow  bMl,i 
tho  exclusion  of  atmospheric  air:  the  aulphur  th 
volatilixes,  while  the  charcoal  remains  l}ebiiid,  aJtdfV^ 
weighed.      In  onler  completely  to    hinder   tho  ano^l 
atmospheric  air,  the  mixture  is  heated  in  a  ^lui.  If 
charroal  is  incapable  of  being  iilTt^ted.     The  euiiWI 
is  most  ad\-is«blc  to  employ  in  this  caitc  is  hvdnigMl 
The  operation  is  perlbrme«!  in  an  apparatus  sndi  at< 
deNcribed  at  page  83.     The  mixture  in  placed  iotbt] 
bulb  ^,  which  in  then  weighed.     Tho  »lüpbm  wW 
separated  by  sulilimation  is  driven  by  the  flame  of«  i 
spirit  lamp  otnipletcly  oat  of  the  glass  tulic.    Wk«t*| 
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wbohr  j^  cold,  llm  |:lu»»  bulb  tj  is  a^uiii  vrdglicd,  ujiun 
whicli  the  qaantity  of  charcoal  is  at  once  ascertained. 

If  ttiv  operator,  instcnd  of  determining  the  quantily  of 
Kiilphar  from  tlie  \a*a,  nishes  to  ilettiniiiiie  it  liy  a  direct 
«xperiment,  bi-  miutt  uxidis«!  thr  tiuljiliur  to  Hulpfaiiric  acid, 
and  prrripitate  ihe  sulphuric  acid  by  the  solation  uf  aMilt 
of  biuTtcÄ.  The  oxidation  of  the  sulphur,  in  a  mixtuic  of 
charcoal  and  sulphur,  is  most  easily  effected,  »ccordinf;  to 
<iAY-LrS8Ar  (Anmifrx  tie  Chimif,  T.  XVI.  [>.  XXt),  by  the 
follotviag  proc4^'U(:  .\  weif^ed  quantity  of  the  mixture  is 
accarateiy  mixed,  first  with  carbonate  of  potash,  and  then 
with  iiitriitf^  of  iwtash  and  chloride  of  scMliiim  ;  tlic  mixturu 
is  afterwards  exposed  to  the  fire.  A  platinum  crucible 
can  1>e  employed  for  this  purpose,  as  the  mixturr  does  not 
attack  the  platinum.  Tht-  mixliirc  buniK  very  quietly,  aiid 
at  lje«t  l>ecuiuc.<(  uliite.  Wlieii  the  rcuialndcr  is  cold,  it  in 
dissolved  in  water;  thi;  dilution  va  cautiously  acidulated 
by  muriatic  acid,  and  is  then  precipitated  by  a  solution  of 
rhioride  of  huritim.  From  the  wei^'ht  of  the  resulting 
jralphate  of  harytes,  the  quantity  of  sDlphur  is  reckoned.— 
The  addition  of  carbonate  of  potash  is  necessary,  to  pre- 
vent the  v»latili7ati<»n  of  any  sulphur:  the  chloride  of 
sodium  is  added  to  nuKlify  the  violence  of  the  combustion. 
Tlie  proportionii  of  the  mixiiiro  are,— for  one  part  of  the 
mixture  of  charcoal  and  siilphar,  4  parts  of  carbouaie  uf 
potash,  7  or  8  pans  of  nitrate  of  }H)ta.sfa,  and  1(3  parts  of 
chloride  of  Mtdium. 

SejMinifiott  frtn»  SulpAur  and  Saltpetre:  Armlyxü  of  Oun- 
poirtlrr. —  It  is  very  easy  to  determine,  in  this  manner,  the 
quantitative  composition  of  gunpowder.  To  determine 
the  quantity  of  the  saltpetre,  a  tveighed  quantity  of  the 
gunpowder  i«  treated  with  water;  the  solution,  filler«! 
from  the  insoluble  mixture  of  charcoal  and  .sulphur,  is 
then  OTBporated  to  dr>-ne«s.  To  determine  the  quantity 
of  thi.-  ('liarcoal,  thi^  mixture  of  charcoal  and  sulphur,  sepu- 
rate«!  by  tiltration  tivm  the  solution  of  saltpetre,  w  lirst 
carefully  dried,  and  weighed  upon  a  weighed  filter.  There« 
ujMm,  an  accurately-determined  |>orlion  of  it  is  taken  from 
the  masK.  and  is  treated  in  the  manner  dcvit^rilx-d  aiiove, 
for  detemiinitiK  (lie  quantity  of  charcoal.    To  dctenniDO 
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the  quantity  of  tho  gnlphur,  annlJicr  portion  of  tkepi 
powdiT  is  mixed  with  an  pqiriil  qiiatility  of  caibNdlll 
polash,  with  an  equal  quantity  of  snltpelro,  aa4  vlAlll 
times  as  much  common  tialL  The  inixtare  is  ÜHimfl 
in  Oio  manner  described  uhovc.  I 

Separation  from  Iron  hy  MurUttic  Aci/L. — ^TW  CUWl 
tion  of  the  comp^Hind«  of  carbon  with  metals,  b  rill 
accompanied  by  tlic  ercatest  difficulties.  We  mal 
quniiit»!  ^villi  but  \ury  iVu-  of  sutrli  conipQQads;  ibal 
important  ol*  these  are  umjucstioDably  the  ouuijiMiA^I 
carl»cm  with  iron,  the  knuMleds'-'  of  which  ran  uJteMl 
fn^at  <roii5cqnencu  iu  a  technical  puiut  t>I'  riew.  KjllH 
ing  carbonaceous  iron  with  diluted  non-oüduim  rfLl 
suchf  for  example,  a.^  muriatic  acid,  a  snialler  qwi^n 
hydrogen  f.Aa  is  pnKluccd  than  woulil  lie  prodMdM 
trcutiu^  an  equal  weinrht  of  pure  iron  hy  tbo»e  Bcidk>  kl 
the  lomicr  case,  »  imrlion  of  ibu  carhnn  conhtnElW 
hydrogen,  aiid  produces  a  rolatUe  oil;  after  tbenltfil 
uf  tlie  iron,  llie  tn<toIubIu  rctiiduc!  presents  DOthio^vl 
like  the  whole  quautity  of  carbon.  Tbe  qnantitr  ufatal 
could,  it  iu  true,  be  estimated  from  the  Uiks,  iftbcqB^I 
of  iron  were  first  estimated.  To  do  this,  the  s(^rti«<| 
the  carl>onaceous  iron  in  muriatic  acid,  must  be  Ivm 
with  nitric  acid,  to  convert  tlie  protoxide  of  iron  tttopl 
oxide  ot"  iron  ;  and  from  ilie  quantity  of  ]>eni\id(-  of  »I 
obtaiuod  by  prt^cipilatioii,  tbe  t|uantlty  uf  iron  awl*! 
calculated.  If,  in  thia  case,  tlie  »olution  of  the  perou^'l 
iron,  or  the  substance  leH  undi.<i.-^i)lvtHl  by  the  acid.  aWl| 
coutaiu  small  quuiitiUes  uf  protoxide  of  manganear.  i#l 
ncsia,  sulphuric  acid,  phosphoric  acid,  ur  silicic  aci(l,M 
these  substauces  can  be  qiianlilatively  fsfiniuted,  mm 
iti^  to  the  method.s  idvcn  in  the  preceding  page:»,  dlhal(| 
precipitating  them  from  the  solution  of  peroxide  uf  im< 
by  analytiint*  the  insoluble  re-siduc,  after  baviug  icul^'j 
in  the  open  uir  to  get  rid  of  the  ebarcool.  ThcdF<^ 
stances  are  contained  in  tlie  cartM>tiac4M)tis  iron,  ta  m 
»late  of  manganese,  magnesium,  sulphur,  phospbons,^ 
»ilicium. 

HfparatWTi  from  Iron  by  Chtoritie  of  SUcer. — .Aa,hoi«*. 
tbe  quantity  uf  carbon  in  iron  is  commonly  very 
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qiianütatirc  estimation  by  the  altovc  |iroceäs,  E»  in  tbe 
bighcat  degree  uncertain.     In  consequence  of  this  uncer- 
tainly. variou.s  mctlmcls  hnv*  been  rccomnirndcd,  of  lU-tcr- 
jniniag  the  quatility  »f  rlturcoal  hy  direct  e^tperimcnls. 
The  most  unobjectionable  is  that  ol'  Berzblius  (Irkr- 
'ÄwM,  UelwTJMJlzuna:  von  Wöin.p.n,  T.  ii.  p.  383),  wliich  is 
'  pvrlonneil  a^  ibllouä:  The  t>{H!ral(ir  Iuju-n  chluriile  ulMilvrr 
'rto  a  cake,  nnd  places  the  cake  in  a  vessel  with  water;  tfae 
'  Tcssel  being  of  such  n  description  that  it  can  lie  closctt  by 
•4  g\&&s  plate,  .st>  tliut  it»  ciintnitH  may  Ih-  protet'tcd  IVom 
«the  action  of  atmospheric  tiir.    Xbc  operator  then  places 
Jtlie  piece  of  ^arboiiatwius  iron  which  iti  to  ho  anaJyHcd, 
mpon  the  cake  of  ctUoride  of  .lilver.    The  chloride  of  silver 
I  is  reduced  by  the  iron,  uhich  becomes  converted  into  pro- 
'4ochloride  of  inm,  and  is  dissolved  by  the  water.    The 
M^arroal   remaiDs  undissolved  upon  the   partly-reduced 
Iclüoridc  of  silver:  it  ca«  be  easily  separaled,  and  xatbered 
fnpon  a  weitrhed  filler.     This  »fieTulion  lastic  a  lon^j  time, 
kurlicu  till-  piece  of  iron  i-t  massive.     The  cliluride  of  .silver 
ust  be  used  in  excens ;  more  thau  Jjj  parts  of  it  must  tie 
ployed  to  1  |>art  of  iron. 

S<paration  from  iron,  btf  CMorin«  Gat. — According  to 
other  method,  also  descril>ed  by  ItiiHZKlJiiR,  a  weifihed 
wuantity  of  the  ctirlHiimcMtuN  iron,  is  in-aled  in  an  uppa- 
ntus  similar  to  that  rrprvM-Dttil  at  page  *S3,  with  n  cur- 
jirrnt  of  dry  chlorint-  ga.-(.  Tlie  iron  is  brouKhl  to  ignition, 
kuid  the  operator  endeavours  to  expel  the  resiiliing  pcr- 
peliluride  of  iroti  from  the  KlasB  bulb,  by  tiublimatioD ;  the 
|cliarrnal  n-niaiiis  Miiod,  and  can  l»e  uei|;hcd. — In  this 
ipentioii,  care  must  be  ttikco  that  the  ga.seous  cliloriiie 
hich  pusses  over  tJic  tenilcd  iron,  lio  not  accupipanied 
■y  oxyu'CD  gu  or  atmospheric  air;  othcraise,  a  portion 
.'  the  carbon  can  ea.sily  be  vulutilixed  in  the  »tatu  of 
ux  rarbonic  oxide  ur  carlMiiiic  acid.  It  bein^  ol^en 
fficidt  (o  prevent  this,  one  miuht  probably  with  mreater 
vantage,  make  use  of  bromine  in  this  experiment.  lo 
at  case,  a  vreigbed  quantity  uf  (he  carltonuceouri  iron  to 
examined,  should  be  placed  in  u  vessel,  have  water 
urt'd  over  it,  aiid  brumiue  added;  thereupon,  perbro- 
le  of  initi  would  he  produced,  and  dissolved  in  the 


314  rARBON, 

water,  and  the  charcoal  would  remain  behind.   Tki*J 
tioii  tihould  he  fillorod  through  a  wej^rfaed  filler,  i 
filtpr  The  chan-oal  Hhotild  l>e  dripcl  and  weigbed, 

Spjnratiem  frvm  Iran,  by  Oi^tftru  Oas, — A  third  I 
rfcommcnded  by  Bbrzblius,  consists  in  beaüBul 
bonacuiuü  iron  lu  r(^ducAS,  while  h  current  of  diy^l 
ga»  i<j  «lowly  parsed  ovorlt.  The  iron  in* 
the  iutennediate  oxide  of  iron,  and  tbe  carbon  ifl 
honic  acid  ^fi.  That  the  carbonic  acid  may  be  i 
M'itbout  loss,  all  tbc  gas  which  iiuiueti  from  tbe  «ff>B| 
is  caretiUly  passed  into  lime  water  or  batytic  w»w  n 
long  lis  it  priMliicüs  a  pm^ipitate-  Prom  tb« 
the  rpMilting  eartliy  carbonate,  tli«  quantity  of  i 
calcuhiti-d. 

Anahjsii:  of  Caxt  Iron:  a.  &iintation  of  the 
tbe  quantitative  estimatioii  of  the  carbon  coaE 
iron,  one  thing  which  siionld  alwuyit  be  tal:eB  iitti 
deration  is  tlie  state  in  which   the*  carboii  exists  hi 
iron.    According  to  KARttTBN,  the  ^rey  sortoTcu«! 
not  only  foiitains  a  purtiuii  of  rnrlxm  rliemicallyi 
irith  the  iron,  and  constituting  cariiurcl  ol'  iron.  Irtl 
niiotlu>r  portion  of  carbon  combined  merely  iueduiiBl| 
with  ihL*  iron,  in  tltr  Klat«  of  jiuru  cryntalline 
Graphite.     It  was  formerly  thought,  that  GraphilBl 
rhemical  cornpoiind  of»  small  qnaniity  of  inn  «Ü' 
lari^e  quantity  of  carbon;  bat  it  \ms  ut  Imieth  bosil 
mon.stmted  by  Kxrstkv,  that  it  consists  wf  pun> m^ 
aloM«.     To  determine  tbe  quantity  of  iron  cwtinrt: 
specimen  of  cast  iron,  Karsten  (Ifandhuek  der 
tenkaxdet  T.  I.  p.  370),  proceeds  as  lultouu:   A 
quantity  of  the  ca.st  iron  is  dLssolvcd  in  nitrir  «Üij 
which  a  little  muriatic  acid  has  heen  added.     IVrM*! 
contains  the  cryntalline  carbon,  or  ^ruphitc,  ic^gcOtr^l 
a  compound  of  carbon,  which  rostemblL-A  cxtruciirea' 
and  proceeds  from  the  carbon  of  thv  carbnret  uf  im 
tüso  contains  sitieic  acid,  and  the  oxidf«  of  some  ai^| 
which  were  combined   with    tht-   iron.       The  naidv  >l 
treated  with  a  solution  of  caustic  potajih,  bv  irlHtb*! 
sjlidc  arid,  if  any  is  present,  and  the  carbunt  vbfi''| 
.scuible^  extractive  matter,  are  dissolved;  wbilc  1^^ 
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pbile,  on  the  contrary,  remains  iioatlncked.  After  Iteitig 
washed,  the  residue  may  ütill  he  treated  l>y  muriatic  acid, 
that  all  im]iuritii-»  may  I«  effectually  n-iuovcd.  It  is  then 
wnslicd,  dried,  aud  weighed.— If  uow  the  operator  haä 
determined  the  whole  quantity  of  the  carbon  contained  in 
tho  iron,  by  means  of  an  experiment  with  chloride  of 
silver,  it  only  remaiii.s  to  deduct  Iherefrom  Uie  »eighl  uf 
the  Graphite,  to  leum  the  quantity  of  tfa«  carlxin  which 
■was  chemically  combined  with  the  iron,  to  carburet  of 
iron,  it  is,  however,  necessary  to  taLe  into  consideration, 
that  the  carbou  floparated  by  chloride  of  silver  may  con- 
tain both  silicic  acid  and  various  other  substances,  all  of 
Vihich  muiit  be  quiinlitativcly  estimutcd  und  dcductcti  from 
the  weight  of  (he  carbon. 

As  tho  carbonaceous  irons  contain  the  other  consti- 
tannts  in  still  sumller  quantity  tliaii  the  carbon,  and  as  it 
may  often  be  of  im|>ortai)cc  to  know  the  quantity  of  each 
with  arcunu-y,  it  is  proper  to  nndcrtake  a  separate  unolysi*! 
for  the  dcterniinatiun  of  eiirh  uf  ttienc  constituents. 

—  b.  JLstuaativ»  of  the  •'iulphir.^-Thc  quantity  of  sul- 
phnr  contained  in  iron  i.<4,  according;  to  ICvrstev  ( Hand- 
httfJi  der  Euenhüilenkuade,  T.  1.  p.  4/08),  so  inconsiderable, 
v\r.n  in  hot  »hurt  iron.  that,  after  oxidi.sinir  the  comimnnd 
by  BC|Uu  rc^ia,  the  prccipilation  of  the  n%sultinK  «ulpburir. 
acid  by  a  solution  of  bar>-tcii  nll'urds  results  which  are  by 
no  uieanx  ».-itisfactory.  To  determine  the  i|iiaiility  of  aiU- 
l»hur,  tberetVire,  it  h  better  to  disifolve  the  iron  in  raurialic 
arid,  and  to  separate  the  whole  of  the  sulphur,  in  tlie  »täte 
of  stdphuretted  hydri»t;en  ifas.  For  this  examination,  about 
HO  gniins  of  iron  should  be  employed.  It  must  be  broken 
into  |»c<r«s  of  the  sir«  of  millet  seeds.  Tbc  appiiratua 
necessary  (o  ho  luiploycd  in  thi.s  experiment,  is  the  same 
a»  that  represented  nl  pa;;e  '.iä^.  No  houl  is  to  be  applied 
to  facilitate  the  solution.  The  Jlasks  must  contain  it 
metallic  solution,  and  one  of  perchloridc  of  copfttT  answeni 
the  purpose  best.  The  detonip<j.silion  of  the  sulphuretted 
bydrog:cn  ^n,  |>rovided  it  be  very  slowly  disengaged  by 
the  iron,  is  completely  eflccted  by  the  .solution  in  the  first 
Aaük  ;  it  in  therefore  unnere.ssary  to  place  more  tlian  two 
flaHks  in   connection  with    the  apparatus.       For  pcrlcct 
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solution,  thp  various  sorts  of  crude  iron  require  from  tea 
to  fourteen  day«,  of  Kleel  from  eight  to  ten  days,  and  d 
Iwr-iron  from  three  to  four  days.  To  drive  the  sulpba- 
retlcd  hydro^n  ^as,  which,  aHer  the  complete  disst^atiua 
of  the  iron,  may  remain  in  tho  fl&ak  a,  completely  out  of 
thnt  Husk  and  into  the  Nolulion  of  chloride  of  copper,  it  it 
necessary  to  employ  carbonic  acid  s;aRf  which  must  be. 
applied  in  tlie  manner  described  at  page  230. 

—  c.  Eetimnlion  of  tkf  Phnsphorus. — To  dctiTmioe  tlM 

quantity  of  pbo^phoniü  contained  in  the  carbooaceom 

iron,  another  portion  must  be  dissolved  in  nitric  add,  with 

the  aid  of  heat ;  the  phosphonis  is  thereby  convened  into 

pho.sphoric  arid.     InsU^tid  of  nitric  actd,  Üie  openttorrun 

employ  aqua  regia  to  dLssolve  the  iron;  but  nitric  acid  is 

best.    Between  40  and  SO  i^'aias  is  a  sufficient  qimntily  of 

iron  to  be  employed  in  this  expcrimeat.    The  solutioa  U 

Evaporated  to  dryneiis  in  a  porcelain  capsoJo,  and  i.s  hruied 

as  strongly  as  possihk  in  the  same  vessel.     The  dry  notf 

is  the»  mixed,  in  ti  platinum  cruciblr,  with  three  or  fim 

timcH  its  weight  of  rurhonatc  of  pata.sh,  and  is  thercnitti 

i^itcd.    The  i^itcd  mass,  after  cooling,  is  treated  mtb 

water,  in  which  the  phosphate  of  potash  and  the  excess  of 

carbonate  of  potash  dissolve,  while  the  peroxide  of  itoi 

remains  undissolved,  and  can  bo  separated  by  filtratioiL 

If  the  iron  submitted  to  analysis  contained  sulphur,  then 

the  solution,  fillcrod  fnmi  the  peroxide  of  iron,  contaiu 

sulphate  of  potash;  and  if  the  iron  contained  manKaOM^ 

the  solution  contains  manj^aaesiate  of  potash.      When, 

however,  the  solution  is  Ixiikil  for  a  lon^  time,  the  mu- 

^oesiatc  of  potash  is  decomposed,  and  brown  flocks  uf 

peroxide  of  manganese  are  deposited.    The  Cltcrvd  sola- 

tion  is  cautiously  supersaturated  with  nitric  acid,  uud,  if 

silicium  was  combined  with  the  iron,  is  evaporated  t« 

dryness,  to  separate  the  silicic  acid.     The  dry  nuus  ii 

moistened  with  nitric  acid,  and  after  some  time  is  Irealed 

with  water,  upon  which  the  siUcic  acid  reuiitins  naAst- 

solved.     The  altered  solution  is  mixed  with  amm<*Bi^ 

which,  if  aluminum  was  combined  with  tho  iron,  prciducts 

a  precipitate  of  basic  phosphate  of  alumina.     Tlie  alcaline 

Kolution  is  then  very  weakly  nridulutcd  by  acetic  arid. 
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and  the  phosphoric  acid  is  precipitated  by  a  w^ation  of 
acetate  of  lead.  The  precipitated  phosphate  of  lead  is 
treated  in  tlir  maiiiii^mhich  ba.s  b<-«n  described  at  p.  263. 
Tlu  operator  must  bear  in  mind  here,  that  if  the  irou 
submitted  to  analyttis  coiitained  aulphur,  the  phosphate  of 
lead  (-an  lie  acTiiinpaiiied  by  sulphate  of  lead.  But  since 
the  quautiiY  ol'xulphur  ha»  been  dctrnaincd  by  a  difTcn-nt 
ex[K-riinenl,  it  is  easy  to  calculate  liow  much  sulphate  of 
lead  is  capable  of  boiog  thus  produced.  The  quantity  of 
the  protoxide  of  lead  he'in^  then  di!t<>miincd,  it  is  found  at 
once,  faou-  much  vuui  conibiued  uith  sulphuric  arid,  and 
how  much  with  phosphoric  acid.— This  method  of  esti- 
mating the  small  c|imntity  of  phosphonis  contained  in  iron, 
or  rather  of  phosphoric  acid  contained  in  the  nitric  acid 
solution,  is  preferable  to  tliat,  in  which  the  solution  ia 
supersat  united  with  ammonia,  and  the  phosphoric  acid 
KepHnittil  by  bihydroKulphuret  of  ammonia.  By  the  latter 
metliod,  u  very  small  quantity  of  phosphuric  acid,  can  ho 
very  easily  overlooked,  if  the  whole  ha«  not  been  digestod 
together  for  a  suthciont  len^h  of  time. 

—  d.  Kttitttafion  of  l/if  Chromium. — Should  chromium 
be  contained  in  the  carliouaceim-H  iron  submitted  to  exa- 
mination, the  quantity  of  it  can  be  dctermini-d  in  thii  »anio 
manner  as  the  quantity  of  phosphorus.  By  ignition  wilh 
carbonate  of  potash,  Chromate  of  potash  is  produced,  and 
this,  with  the  phosphate  of  potash,  dissolves  in  water. 
The  subicetiuent  trt^iitment  i.s  the  »ame  as  In  the  preceding 
c««e.  A  precipitate  is  [hronu  «lown  by  the  solution  of 
lead,  «hich  contains  chromutc  of  lead,  and  if  phosphorus 
be  present,  phosphate  of  lead,  which  is  coloured  yellow  by 
tlie  Chromate  of  lend.  Alter  the  precipitate  is  weighed, 
it  in  treated  wilh  muriatic  acid  and  alcohol,  upon  which 
phosphate  of  lead  and  chloride  of  lead  remain  undiäAoIvcd, 
wliile  the  oxide  of  chromium  resulting'  from  the  decompu- 
sitioQ  of  the  Chromate  of  lead  is  dissolved  by  the  acid. 
The  solution  is  filtered,  the  alcohol  is  expelled  by  heat, 
and  the  oxide  of  chromium  is  precipitciled  by  aniuioiUa. 

—  e.  EstimatUm  of  the  Silicivm. — The  sUiciiim  contained 
in  iron  mnst  be  sought  ibr  us  silicic  ucid,  partly  in  tlio 
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residue  left  by  the  solution,  (>arüy  Id  tbe  acid  Hulmion, 
itself. 

—  r.  EstimatioH  of  the  Titanium. — TTio  o^Uinntion  of 
titaiiiiim,  uliich,  wlien  il  occuk  witli  iruu,  caii  uuly  Ihj 
|)resent  in  extremely  smttll  quantity,  since  titanium  A«ei 
not  iippvar  to  fiirm  iui  ulloy  ^vitb  iniii,  run  only  be  eflieclrd 
by  one  nn-tlnMl  <»f  prortxtüiig,  tliat,  namely,  in  which  lite 
nitric  acid  solution  is  treated  in  tlie  uianuer  described  at 
page  170. 

—  R.  Estimation  of  the  Manganese. — To  detenniDe  tbe 
proportion  of  manganese  contained  in  iron,  it  is  neoesKaiy 
(o  treat  the  solution  of  iron  in  ttie  manner  u  Uicb  liax  tm-ii 
dcMrrilwd  at  page  55.  In  consequence  «f  llie  very  laree 
proiMirtion  of  peroxide  of  iron  in  ifac  solution,  in  tlie  pre- 
sent case,  it  is  by  do  means  ditticult  to  estimate  eren  t 
very  small  proportion  of  manganese  with  much  accuracy. 

Qnantttative  Estimation  of  Carbonic  Oxide  Gag. — Of  tbe 
oxides  of  carlwn,  the  operator  has  seldom  to  ostinMe 
carhonir  oxide  giis.  The  quiintitative  aniilysis  of  iNs 
<:ompound  \s  etTectod  by  cnnverline  i(,  by  drtonutioii  witk 
oxyi^eD  pxs,  into  carbonic  acid  s,'as  :  the  quantity  of  llll^ 
carbonic  oxide  ^as  in  tlicn  calculated  rmni  the  bulk  or  tlir> 
weight  of  the  carlionic  acid  gas.  A  sufficient  quantity  of 
the  cnrhonir  oxide  ^s  to  be  cxiimjned,  Js  pasHed  ititu  a 
STuduated  tube,  standing  over  mercury,  and  furnished  nith 
M-ires  to  condtict  the  elective  spark ;  the  Yolnmc  of  tbe  pa* 
is  then  accurately  determined ;  after  which,  rather  mon 
than  half  as  much  oxygen  gas  is  added,  and  th«  electnr 
spark  i.s  passed  through  the  pnseous  mixture.  Wheu  iV 
carhonic  oxide  gas  is  very  pure,  then  a  volume  of  car- 
honic  oxide  gus  gives  a  volumv  of  carbonic  acid  gu. 
When  therefore  a  volume  of  carbonic  oxide  gna  has  beai 
mixed  with  precisely  haM'  a  volume  of  oxygen  gas,  tlw 
mixture  of  gases  is.  reduced  in  bulk,  by  the  dctonatioB,  to 
one  volume-  But,  now,  in  order  to  learn  with  still  greaKr 
acciirary  the  quantity  of  the  resulting  carbonic  acid  gw. 
the  Operator,  af^er  having  first  determined  the  volnracaf 
the  gas  arter  detonation,  proceeds  to  .separate  the  rar- 
honic  acid  gas.    For  Ibis  purpose,  be  fastens  a  small  slidt 
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of  caDKtir  pota»h,  which  must  prrviously  have  been  rery 
itliichüy  moistened,  npon  a  line  iron  wire,  commonly  em- 
ploying fine  itrnileil  barpsi<-hi)ril  wire,  ami  tlirn  )>u.ssi-i>  it 
Ihroiiffh  the  merciir}'  iitto  iht-  gas.  The  carlmnir  acid  gas 
iH  abiMiriwi)  by  (bü  potasb ;  in  prnpiirUdO  tis  the  mereury 
rises  in  the  1uIm>,  in  rniiscqiUMice  of  (his  abKorption,  the 
uire  witb  (he  puta&b  is  also  pusbcd  higher  in  tlic  tube,  ao 
that  the  potash  always  appears  above  the  surface  of  the 
mcrctir)'.  When  abi^orptiun  no  lonecr  takes  place,  the 
potash  is  drawn  out  of  the  tul)e  by  the  wire,  and  the 
voJQino  »f  Ihe  remaining  gase-s  is  accurately  detenntned. 
In  this  manner  tliK  volume  of  tbe  carlHiuic  acid  gas  is 
ilcleniiined  with  accuracy,  upon  which  the  operator  can 
easily  determine  tbc  quantity  of  (he  carbonic  oxide  gas. 
The  gnA  which  rcmoias,  when  the  carbonic  oxide  fras  has 
been  pure,  \s  oxyeen,  whicli  must  be  always  added  in 
excess.  With  respect  I«  ibe  precautionary  measures, 
which  arc  necessary  lu  Ik  litllowed  in  tbis  experiment, 
they  am  the  same  as  those  which  are  to  be  followvil  in  tiie 
quantitative  estimation  of  gases  in  frencral.  These  pn-- 
raatioaary  measures  will  be  circunutantiftlly  descrit)cd  in 
the  Slst  section,  in  which  the  analysis  of  mottt  f;iL.<cs  will 
lie  taLt-ii  into  cnnKidemtion. 

Quantitativ  Eitimatinn  of  Oxalic  Add. — ^Tbe  quantita- 
tive estimation  of  the  second  oxide  of  carbon,  or  oxalic 
ncid,  is  best  cITcrtcd  by  prccipituling  it  from  it«  sohitian.s, 
by  u  solution  of  lime,  in  the  ütati-  of  oxalate  of  lime. 
When,  therefore,  the  oxalic  acid  is  dissolved  in  a  liquid, 
it  is  suluratod  ax  arciinitely  as  possible  with  nnuiuini», 
nnd  tbe  solution  is  diluted  wirb  water.  Tbc  openilur  thca 
add«  a  siJution  of  a  neutral  calcareous  salt,  generally  a 
solution  of  chloride  of  calcinm,  wlnrh  is  Ihnl  which,  in 
most  caics,  is  best  adapted  to  the  purpose.  Tbe  rcyulliiig 
oxalate  of  lime  is  washed.  I'he  quantity  of  the  oxalic 
«cid  could  Tcry  well  he  calailateil  from  the  weight  of  the 
oxatulc  of  lime;  but  as  it  is  very  difficult  perfei-tly  to 
expel  the  water  from  tlie  oxahitc  of  lime  by  dryinir,  und 
as  it  is  very  unsafe  (o  estimate  that  salt  lo  the  hydrous 
»tale,  so  it  is  liest  lo  convert  the  oxalate  of  lime,  by  i^ii- 
tioD,  into  carbonate  of  lime,  and  tn  reticulate  Ihe  quantity 
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or  tbe  oxalic  acid  rrom  the  weight  of  the  carbonate  uf  lime*' 
The  conrersion  of  oxalate  of  litno  into  carbonate  of  lim«  \ 
is  effected  by  the  prorcsa  described  at  pngo  17. — Care 
mut<t  be  laLen,  in  the  precipitation  of  oxalate  of  lime,  that 
the  solution  contain  no  fn>e  ammonia;  beratiKe  theo,  tJw'^ 
access  of  atmosphfric  air  would  caasi-,  ai'lv-r  some  time, 
the  precipitation  of  carbonate  of  lime  in  conipauy  nt-ith  tlie, 
oxalate  of  lime. 

Kstimnliim  of  the  Oxalic  Add  in  Soluble  Oralatea. — Tlw1 
esUmalion  of  the  oxalic  arid  in  tbe  oxalates  which  araj 
soluble  in  water,  \a  effected  in  tlie  same  manner  as  tbaj 
estimation  of  free  oxalic  acid.  If  the  operator  ban-  a 
neutral  oxcüatc  to  examine,  it  it>  merely  dittsolved  iu  wnur 
and  precipitated  by  a  solution  of  a  neutral  aalt  of  lime. 
Hut  if  tbe  oxalate  wliirh  i»  to  be  examined,  be  add,  IhcD 
the  solution  must  previotixly  tw  iiccrurately  .saturated  wlh 
ammonia. — As  the  neutral  oxalates  of  potash  and  sodi 
are  converted  by  ignition  into  neutral  carbonatca  of  thoM 
alcalics,  it  is  very  easy  to  ascertain  tbe  quantity  of  oxalic 
acid  they  contain  :  it  is  only  necestnary  to  exposv  a  weighed 
quantity  of  the  oxalate  to  i^nilion,  and  to  determine  tbe 
wvijcht  of  the  resultiug  carbonate;  after  which,  tbe  quim- 
tity  both  of  tbe  oxalic  acid  tuid  of  tbe  water  of  crystallisa- 
tion, can  be  easily  reckoned. 

£$lifHUtion  of  the  Oxalic  Acid,  in  iiuvhble  Ojratate$4—la 
the  oxalatci  which  are  insoluble  in  water,  tbe  oxalic  nod  i 
must  he  determined  otbcrwi.sc.     If  tlicy  conlaiu  do  water,  I 
a  weighed  portion  may  be  i^itcd  with  access  of  air;  ii ' 
most  cixsea,  tbe  bu^ie  alooe  then  remains  behind,  und  caa 
be  weighed.     The  Io.'m  of  weight  gives  the  quantity  of 
oxalic  acid.    Many  metallic  Oxalaten  are  completely  te- 
duced  by  being  ignited  in  closed  vcsm^Ih,  where  atsu»- 
phcric  air  has  no  access. — When,  however,  the  iusiiloUB 
oxalate  contains  water,  and  the  operator  is  ncvertheleM 
desirous  of  determining  the  quantity  of  oxalic  acid  by  a 
direct  experiment,  tlien,  the  oxalate  can,  in  most  casef, 
be  decomposed,  by  being  boiled  a  sufficient  time  with  n 
solution  of  carbonate  of  potash.     If  the  compound  fnraifd 
by  the  base  of  the  oxalate  with  tbe  carbonic  acid,  h 
insoluble,  it  remains  undissolved,  while  the   oxalic  add 
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combines  with  the  potash  and  dissoWe«.  The  solution 
after  filtration,  is  accurately  «aluratcd  wiib  muriatic  ucid, 
and  the  oxalic  acid  is  precipitated  by  a  tieatral  solution  of 
lime. 

I  Ettimation  of  the  Carbonic  Add,  in  the  ffaseom  ttnte. — The 
cjuanlitative  pstimntion  of  the  third  oxide  of  cnrlmn.  or 
carbonic  acid,  ba.s  verj"  frequently  to  be  effected.  There 
are  various  methods  of  proc(Tding.  If  tlic  carbonic  acid 
of  which  the  quiintity  irt  to  be  estimated,  be  in  iJie  t^a^oud 
state,  then  it  is  best,  lirst  accurately  t»  measure  tho 
Tohime  of  the  i^as,  in  a  i^aduated  rIhss  tulie,  ütandiug 
over  mercury,  and  then  tu  introduce  lhpout;h  the  mercury 
into  the  tube  a  small  stick  of  caustic  potash,  which  hau 
previously  lieen  slightly  moistened  and  lii^tirnc«!  to  an 
iKHilcd  barpiichord  wire.  The  carbonic  acid  i^  absorbed 
by  the  potash.  When  al>gorption  ceiLses,  the  wir«  uith 
the  |H>tash  is  draw»  from  the  tub«,  aud  ill«  volume  of  tho 
uoabsorhed  ga«  is  accurately  determined:  the  dißerrncc 
in  the  two  measurements  of  the  volume  of  gu.s  shows  tliv 
«(unntity  »f  Uie  cari>onic  acid. 

When,  on  the  contrary,  the  carbonic  acid  gas  is  con- 
laincd  in  a  Inrj^e  and  not  n^rnduatcd  glass  receiver,  stand- 
ing over  luercuvy,  the  oi>erator  places  a  portion  of  caustic 
»potash  in  a  small  gla-ss,  eovcni  it  wilb  glove  Icntbcr,  and, 
-wbon  it  bos  been  accurately  vreighed  and  fastened  to  an 
ignited  harpsichord  wire,  passes  it  through  ttie  mercury 
into  the  receiver.    The  carbonic  acid  is  slowly  absorbed; 

I  when,  after  dome  time,  the  absorption  has  ceased,  the 
operator  druw>  (he  small  glass  by  the  wire  from  the 
receiver,  cleanses  it  from  ibc  drops  of  mercury  which 
bang  alwut  it,  and  ascertains  Uic  weight.  Tbo  increase 
of  Height  of  the  potash  shows  the  quantity  of  absorbed 
carbonic  acid. — It  will  be  undenttiHtd,  thai  this  method  of 
e-ttimating  carbonic  acid  gas,  caimot  be  employed  when 
(but  gas  is  minglod  wltb  other  gases  which  can  also  l>e 
absorbed  by  caustic  potash. 

Stparation  of  Otrbvnic  Acid  from,  solid  Carbonates,  by 
Julian. — When  the  carbonic  acid  is  contained  in  solid 
Bubittances,  its  quantitative  determination  hi  effected  by 
tlifferent  processes,  according  as  it  can  be  separated  from 
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the  l>u.<w.H  liy  i|!i))tioD,  with  ease  or  witii  dtfficulti.  ht 
of  the  oompoiiuils  of  carboaic  acid  are  nf  sttcb  *  n 
thiit,  when  i^iteil  over  a  Hpiril  lamp  with  drnihriÜ 
ihry  rnmplctely  lose  their  carhoiiic  üchI.  Thr  qtmUH 
carlionic  add  coutained  in  such  compound.^  ran  Am 
be  very  acciirauly  eälimat«!  from  the  los^  of  «# 
(Mü-asiimeil  by  ignilioti,  provided  the  rnrhoni«-  teii 
not  acconipaniiMl  by  oib^r  volatile  coniJtJttiHiu.  b* 
«■ompoundK  tbmied  by  carbonic  acid  with  nil  thr  maA 
oxides,  prijpcrly  so  ciiIiRd,  hü  h\ho  in  tltut  I'urawdvA 
magDCäia,  the  quantity  of  curbonir  arid  can.  in  ifcisi» 
ner,  be  properly  estimated ;  al^er  the  i^ition,  tbr  mA 
oxide,  or  the  innt^eüia,  remaiiiK  hc-hitid  in  a  stale<f|M 
Whea  the  melalUc  oxide  is  one  of  tb^kAe  which  irM| 
ea.sUj  reducible,  a^,  for  example,  protoxide  of  lead,  v^ 
of  cadmium,  &c.,  the  ignition  must  be  perfomiriliBai 
weiphed  porrc-Iain  cmciblc;  when  this  is  Hot  ük  a 
platinum  crucible  ran  be  employed. 

Separation  of  Cttrbomic  Aeid  from  ike  Oxidaof  hm,t» 
^atifsr,  an/t  (hlwlt. — There  are  snme  carbonntpswUchci 
indeed,  be  easily  deprived  of  tlu-ir  carbonic  acxi  fcfi 
tion,  but  which  eontaia  metallic  oxides  that  an  ctfüt* 
Iwinif  more  hichtv  oxidised  by  the  action  of  tb«  atrd 
ijimition;  such,  rori'\ainplc,ur«tii(!rarbonnte80f|nt>' 
of  iron,  of  protoxide  of  manganese,  and  of  oxide  ofoiW 
with  these  carbonates  a  differenl  nit*thod  of  aoalyiUa 
l>c  odopted.  Tht-y  can  be  i<:nited  in  an  ntmosiJM 
some  pis,  in  which  the  melalUc  oxidcn  air  inrapatti* 
becoming  more  highly  oxidised.  Of  nil  the  saan  «^ 
can  be  eaiiily  iirocur^il,  none  hui  nilro^n  gas  aBdcwt» 
arid  gas  are  adapted  to  this  pturpoKe;  for  uU  otkerff* 
act  upon  the  limited  melallirnxidoa.  either  in  snchai* 
ner  as  to  n-diia-  them  or  to  pmrluce  »onic  nrw  comf/^ 
Aa  it  woHid  be  diflicnlt  to  rondnct  a  current  of  MB* 
gas  over  the  weifjhcd  compotind,  while  in  a  state  of  i(* 
tioH,  the  anidyst  «immonly  employs  a  cnrrent  of  nrt" 
acid  gas  for  thix  ptirpOM;;  although  it  is  more  dtfint* 
expel  carbonic  acid  from  a  carbonate,  by  i^niiiuaii' 
atmosphcre  of  carbonic  acid  gas,  tJian  bv  istui 
atmosphere  of  any  other  kind  of  gas.     The  i 
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■ImmI  fin  ihin  expenm^M  is  such  as  thai  dcsmbcd  nt 
PQb88.  The  C0D)|>uun<l  Oir  examination  iä  ucigbed  in 
Ihe  ßtan»  bulb  g,  wbich  is  then  coonoctcd  with  the  llask  in 
Hrhich  the  gns  is  to  be  productMi.  Thr  rtirrcnt  of  rarlMinic 
kcid  gns  is  beet  pnitliKcd  by  cinpInyin^rhiilL  itnit  dilutt.il 
kitric  acid,  or,  wfaat  ix  pn'fcrablc,  diluted  sulphuric  acid. 
IXIiat  the  go»  may  be  dried,  it  i^i  pasite«!  tlintugh  a  tube 
(CoatainiDg  rbloriileorralriiini.  Wh<>ii  thn  wboli-  apparatUH 
Is  full  of  raibonic  acid  ciaa,  Xha  operator  gradually  applies 
lieat  to  the  bulb,  by  means  of  a  spirit  lamp  with  circular 
i^ick ;  tho  bulb  mast  be  bcalcd  to  reduce«,  and  a  red  heat 
ikept  lip  prettT  lon^;.  The  c»r)H>nic  arid  ^^as  in  allowed  to 
.  over  the  compoaml  during  the  whole  time  of  coolinj;; 
it  i»  cold,  llir  s\n**  bulb  uilh  the  oxide  U  weighed. 
of  wci^'hl,  DCcusioticd  by  the  iRuitiün,  indicates 
entity  of  caitH>ntc  acid  coutainvd  in  the  compound 
titled  to  aualysis.    It  is  necessary,  aller  weighing  the 

Insü  bulb,  to  (onnef-t  it  a^in  with  Ihf  »pparalus  and  to 
dirnitir  it  afresh,  in  order  lu  ascertain  whtrtlirr  tlie  «bole  of 
rihe  carbonic  acid  bo  expelled,  or  a  second  loss  of  weight 
|-be  produced.  Tbc  iimitcd  compound  muj^t  tiniüty  be  sub- 
jected to  tbe  action  of  water  and  muriaiic  acid,  in  order  to 
prove,  by  Uiat  test,  whether  any  carbonic  acid  remain 
present.  Walmstedt  (SciiwKiGnRR'H  Jahrb.  xxxv. 
^.  4tM>)wiia  tbe  first  nlin  employed  tills  method.— Hie  ope- 
»ntor  proceeds  to  Ibu  ttame  manner,  when  (he  above-namcd 
■oxides  arc  accompanied  by  other  bases  in  combination 
vttb  carbonic  acid;  tbi£  is  what  is  roast  frequentty  found 
r  to  be  tbe  case,  for  thexe  oxide»  seldom  occur  singly,  in 
«combination  with  carbonic  acid.  When,  however,  carfao- 
Innate  of  lime  forms  a  constituent  of  the  compound  to  be 
Ipguunined,  this  method  cannot  tic  ntadc  use  of,  Iiccauso 
Hgnilion  produced  by  the  llame  of  a  spirit  lamp  with 
«icircular  wick,  is  by  no  means  sufficient  to  expel  the  car> 
kivouic  acid  from  tht;  cuibouutc  of  lime;  the  heat,  indeed, 
.'effects  a  partial  decomposition  of  the  calcan^ous  salt, 
«but  the  discharKo  of  the  carbonic  acid  is  far  from  being 

complete. 

|V     EitimotioH  of  tk«  Quaatity  of  Water  contained  ia  Hydrat» 
^Carbmaü». — When  a  carbonate  which  can  be  easily  de- 
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prived  of  ita  carbonic  acid  by  ignitian,  contains  lUp,« 
quantity  of  the  water  must  oecessarily  be  dcleraiN(i 
well  UN  dial  of  the  rarboolc  acid.  To  lias  cod,  ibenk 
nate  mu.st  be  iicnitccl  in  a  little  Tcti»rt,  whidhlBHfai 
bora  weighed  first  eni|)ty,  and  then  with  the  pon 
compound  for  t'xamination;  the  di!ten)(U|^  ttaleroHki 
collerted  and  nvighud.  Cpun  dediictiug  Uii«  weiik^fc 
water  collected,  from  thp  whole  lostt  of  weight  noai 
by  tilt-  carbonate  submilled  to  i^ition.  the  rcstdtgtmll 
quantity  of  carlKinic  acid  contained  in  the  cuiupnad  It 
best  method  of  procec(Uii;s,  in  this  experiment,  is  a2  fill 
The  operator  tirst  l>low6  a  glass  bulb  Ml 
end  of  a  glaüs  lulte,  which  must  beofM 
glass,  M>  as  to  fonii  n  .sniull  niutraM,aiq 
vented  in  the  annexed  ti<nire.  Wkaki 
determioed  the  weifrht  of  this  iMtnKi 
places  Ihnrein  such  a  quuntity  of  tfati 
natu  UK  he  may  bave  determined  to  »Ml 
analysis.  Hetlicn  wci^s  the  wholr.isdl 
ascertains  the  «I'it.'ht  »if  the  portj««  i^ 
compound  employed  in  the  e\|)erim«r»t  which  is  to  III* 
The  tabe  of  the  glass  matms«,  at  about  half  u  ieckbi 
the  huib,  is  now  drawn  out  to  a  pnint,  nml,  al  lb*« 
time,  is  bent  in  such  a  form  as  tn  represent  a  small  a« 
which  is  exhibited  by  the  figure  a,  below.    This  ii 


weighed,  and  is  then  connected,  by  a  tobvoflndinDnU* 
with  the  small  receiver,  b.  The  point  of  tho  rwriw 
parses  into  a  small  glass  tulw,  r,  which  is  ailed  witt 
ride  nf  calcium.  The  receiver  h,  tin-  tube  c,  and  the  U* 
rubber  tubes,  are  weighed  before  th«  experiment  ft 
the  apparatus  ia  set  together,  the  bulb  a  U  üwMKNI 
heated,  for  along  time,  with  the  spirit  lamp.  Tkep 
part  of  the  separated  water  collects  in  tbo  noeitcr }.  * 
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sniaUcr  portion  is  carried  farthuT  in  the  slate  of  vnpour, 
but  ix  completely  absorbed  by  the  chloride  o(  catciiim  to 
the  tube  c,  ir  tlir  t;lii»i  bulb,  «,  lie  nl"  very  »troiig  glass, 
siit-h  a  decree  of  heat  may  be  applied  us  is  äufficient  com- 
pletely to  ex{>rl  llie  carbonic  acid.  Ailer  cooling,  the  neck 
of  the  retort  is  ciit  off  at  tt,  be«'aiise  a  dnip  ot"  water  leiD&ins 
hanginit  at  the  point;  the  receiver  It,  with  ilie  tube  c,  and 
the  neck  of  the  retort,  are  neifthcd  togeUier.  The  weij^h- 
inff,  howcTcr,  is  not  cflccted  immediately ;  the  n)MTalor 
waits  until  Ihe  heavy  c4Ubonic  aci  J  has  been  expelled  from 
the  apparatuK  by  the  air  of  Ihe  atmosphere.  The  neck  of 
the  retort  h  ibun  dried  and  weighed  by  itsell'.  The  increase 
of  weight  received  by  the  receiver  b  and  the  tul«-  r,  dediict- 
iuiu;  the  wcii;ht  of  the  dried  point  of  the  retort,  itidicäd-H  tbo 
quantity  of  water.  The  operator  now  weichs  the  retort  a, 
and  adds  the  weight  of  the  neck.  From  tlie  loss  ofweiftht 
Kii-stained  by  the  retort,  the  coaimou  weicht  of  the  water 
and  carlainic  acid  in  aäccrtaincd.  But  as,  now,  the  sepa- 
rate weight  of  the  water  is  known,  it  is  ctuiy  to  find  the 
quantity  of  the  disengatf^d  carbonic  acid. 

As  the  hydrous  carbonati-s  completely  lose  their  water 
on  tlie  application  of  a  moderate  heat,  with  much  more 
readiness  than  their  carbonic  acid,  which  is  ofti'ii  m>t 
wholly  expelled  even  by  the  application  of  a  very  strong 
beat,  the  best  method  of  proceeding  is  to  estimate,  in  the 
nuunier  jiist  drs<-ribcd,  the  weight  of  the  water  alone,  and 
then  to  detcrnunc  the  common  weight  of  the  water  and  the 
carbonic  arid,  by  igniting  another  weighed  (»ortion  of  the 
compound  in  a  platinum  crucible.  The  quantity  of  the 
carlionic  acid  alone,  ran  also  \tc  estimated  by  a  direct 
experiment,  the  method  of  (Ktrfoniting  which  will  be  do* 
äCTibcd  presently. 

Separation  of  Carbonic  Acid  from  Alcalies  and  Alcalint 
Earthx,  by  xtronger  AäiU. — From  iho  compounds  whichrar- 
bnnic  acid  forms  with  iixed  alcalies,  as  well  as  with  bary tes, 
strrjntian,  and  even  M*it!i  lime,  the  carbonic  acid  cannot  tie 
exprlb-il  by  ignition.  lime  is  included  in  this  list,  liecause 
the  carbonate  of  lime,  when  ignited  in  a  platiniim  crucible 
over  llie  spirit  lump  with  circular  wick,  does  not  lose  tbe 
nhole  of  its  carbonic  acid.    To  determine  (he  quautity  of 
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glsM  tube,  flfled  with  and  invrrtcMl  over  tru 
allnwK  II  .stniill  utHebi-cJ  |Kirtiiiii  ul'  llii^  cj 
ihniii^h  the  mrmiry  into  Ihr  tube;  tlic  c 
thereupon  i^xprllcd  hy  thn  muriatic  nrid.  "W 
of  the  carlmiiic  «rid  wis  ceaw«  In  incrpiis« 
the  mercury  in  tli«  i>;lass  tuU-  is  lirnti^ht  mj 
siirlac«  of  ihu  luerrury  od  the  outside  fl 
till-  volume  ufthe  gas  is  then  mcnsiiri^l. 

Thiä  method  is,  however,  not  tnucb  to  l> 
as  it  in  capablo  of  eiving  iiu-orrvct  results; 
rannot  with  ccrtjiiiily  know  hnw  ma<'h  cart 
ahsorbe<l  by  llir  Ii4|ui<l  miiriatir  «rid  ;  atn 
neressary  to  ci|K-nilR  wi1h(|ti»n1iticH  nf  carii 
thut  iDircrtaiiily  in  the  n->>iill.'i  is  in  {Nirt  ( 
of  the  diniiniitivrnosH  <>f  the  tiiiiteriuls. 
fore,  tu  employ  larger  (laantitiLW  of  the 
detvrmiDe  the  quantity  of  caH>ouic  aci 
another  method.  A  wri^hrd  quanlity  oTa 
be  deconipofivd  by  a  wvi^hiil  quantity  uf^fl 
complete  decomposition,  the  qnaiitily  IP 
carhonic  acid  iiniy  bi;  eAtimateil  from  tl 
wci»iit.  ^ 

To  put  tliiK  method  of  quantitalivctlye^fl 
acid  iuto  practice,  it  is  only  necessary  to 
lows:   A  sufficient  quantity  of  the  acid 
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out  of  the  gla»«  by  the  etTervest-eiicc,  the  way  to  hinder 
which  is  to  place  a  concave  glasji  over  Ibe  veaael  wherein 
the  (Icromposittnn  is  effected,  then,  after  the  complete 
decora  posit  ion  of  the  carbonate,  the  diffcrcuco  in  weight 
imlicate«  the  quantity  of  the  expelled  carlwiiic  acid. 

Still,  even  this  is  no  method  which  can  ^vc  i»  very  accu- 
rate result.     As  (he  operation  often  continues  a  verj-  long 
time,  before  the  dccoiujHiüition  in  complirtcly  eitccted,  it  a 
easy  for  a  portion  of  the  acid  eniplined  in  effectinjr  the 
decomposition, to  volatilize;  or,  «luppostufi:  Ike  acid  to  lio 
difficultly  volatili/able,  bat  to  be  in  a  diluteil  state,  then,  a 
portion  of  the  water  may  be  vaporised.  A  still  urcaier  loss 
i«  ex]XTienred  when  the  operator  is  ohli^ed  to  apply  a 
gmlle  beut  tu  hrin^  lhedrcompi>»ition  to  a  conclusion,  a 
case  which  often  presents  itseir.     la  onlcr  entirely  to  pre- 
vent tJiiu  loüs,  the  expcrinieni  may  be  pi'rlbmicd  as  follows: 
The  <»]>erator  places  in  the  Hask.  a, 
j^O*^CS3^    which  has  a  pretty  wide  mouth,  but 
JBL  one  that  can  he  closed  by  a  coHl,  a. 

f    m    ]  weieheil  quantity  of  the  carbouala 

|i^  which  is  to  be  analysed,  and  then 

[J^jHj  inlrodii('CK,lhnm);h  the  mouth  of  the 

flask,  the  littte  vessel  b,  cuiitainiitg- 
a  quantity  of  murialir,  or  .some  other  acid,  suflicienl  lo 
effect  the  drcomiMisition  of  the  carbonate.  The  acid  and 
the  carlMiaatc  are  not  allowed  to  come  into  conlact.  The 
little  vessel,  b,  should  bo  a  bit  of  barometer  tube  of  wide 
diameter  and  closed  at  the  end  ;  when  filled  with  iirid,  and 
inlrmiuceil  iiilu  the  vessel  «,  ihe  lop  nf  the  funner  .should 
lean  aguiu:«t  the  side  of  the  latter.  Tin-  llasfc  is  closed  with 
a  cork,  through  which  a  tube  for  conductine  gas  piLssc»; 
the  gas-conduct  ine:  tube  is  connected  by  a  tube  of  Indian 
rubber,  with  a  little  glass  tuU%  tl,  filled  with  chloride  of 
calcium.  'Hie  whole  ia  now  weired  on  a  balance  which, 
when  prclly  heavily  laden,  is  still  scn.siblc  to  the  action  of 
rer)'  »niidl  weights;  or  rather,  instead  of  Ueintj  weighe<l,  it 
is  counterpoised.  When  thiA  is  done,  the  flask  a  ia  shaken 
so  as  to  overturn  the  little  vcs.^el,  b,  which  cnntain-f  th« 
acid.  The  acid  then  romea  into  conlac^t  with  the  carbo* 
nate,  and  eflecb«  the  desired  decomposition.    All  the  watei 


"with IHfhö« itR^nr  air,  and  rw  llms  rxpcflfHl  ttt 
Hic  operator  tbon  cluscs  tlie  flajik,  aud  de 
wvight,  yet  not  till  tho  next  dnj.  The  \osa  uf 
cates  the  qiiaitUty  ut'cikriioDic  aciil  (liacliai^rcd 
With  rcüpci't  to  the  di-i-oiuposition  of  m 
acids,  it  is  to  be  remarked  that  sonic  of  t))H 
|tosed  with  grcHt  cjuu-,  and  otbi-n  not  witim 
rully.  Then:  an*  Mmiv  which  axe  eu.sily  and  i 
\K)»cA,  uniy  whuQ  first  reduced  tu  powder,  am 
upon  hy  hciiIh,  not  in  too  conoeatratt^d, 
si>iiiewhiit  diluted  slate. 


XLV.    BORON. 

Qiumtitatire  Eetimation  of  BiMvcic  Acta. — Tl 
Hwc  estiinatidn  ul'  bunicic  acid  i«  nccompani 
difficukieti.  When  it  is  contained  in  a  solal 
ulht^r  acid,  or  only  nitric  acid.accoiupunies  it, 
to  estimate  it  in  tho  saiiic  mouDcr  thut  ana 
pbospboric  acid  are  estimated;  namely,  by  a 
solution  an  arcunitfly-wi-istifd  quantity  ol 
re»!<;uüy-i^i(cd  protoxide  of  lead,  tlieroapott 
the«(otution  to  drynciti,  aod  iguilio];  the  residii 
counterpoised  platiutim  capsule.  The  qua] 
horacic  ncid  i»  then  found  by  dediictine  tl>e  vt 
protoxide  of  lead  from  that  ot  the  iimth-d  i 
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boracic  arid,  by  Üiruwiii^  it  donn  as  an  inKoltililr  precipi* 
'tatc,  (ind  ralculaiing  the  qiiojitity  of  Itic  acid  from  thr 

weight  of  ihr  precipitate;  for.  boraric  acid  produrcs  with 

Do  tMMD,  a  coiui>ound  that  is  [>erfccüy  iusolubk  in  water. 

The  mojtt  amirair  methiHl  of  rinding'  the  quantity  of 
Iborncic  arid  in  the  borates,  runxisls  in  dt^lerminin^  the 
Iqoantity  of  tlie  ba.svü  i>r  substance»  rumbinvd  with  llio 
iboracic  arid,  existing  in  a  weighed  i|unutily  of  the  boraleM, 
iand  then  calciilatiog  the  quantity  of  tlie  borucic  acid  from 
,thc  loss  of  wcißfat. 

SejtarnlioH  of  Raracic  Acid  from  MrlnWte  Oxides.- — The 
Be}>ariLtioii  nf  iMmirii:  arid  fnim  the  metallic  oxides  wbiefa 
are  pm^ipilable  from  acid  solutions  by  itul|iburelled  hy- 
drOKaa  gas,  or  from  neutral  solutions  by  hiliydroiiutphurrt 
{nfuntaonia,  id  eflcetcd  in  the  i^iitnu  muuner  vm  tliii  (*epara' 
tioD  of  phosphnric  acid  from  tliniiu  mctullic  oxidrs.  The 
]ueth<Kl  i>f  iipiTUti»!;  \s  described  at  pages  'VA  and  '^A. 

Hfjuiriitwa  of  Horucic  .Irvi  fnriu  Lime,  StTOHtuitt,  ßiirylrt, 
amd  I'rotatvU  of  Lend. — ßarytis  is  Brparated  from  bnracic 
•cid  by  sulphuric  acid.     Lime,  sirontian,  and  protoxide  of 

lead,  could  probidily  Im>  sejiarated  from  iHinieie  acid  in  the 
le  maimer  as  from  arsenic  and  phosphoric  acids  (jKif.'es 
and  358). 

iieatmjHmtioH  of  Barata  hy  Fluor  Spar  or  ffydroßuorie 
Acül. — Tliere  ia,  howcveF,  a  method  of  «paratiiur  boracic 
acid  from  all  fixed  base;),  wliou  borates  aru  decomposabto 
by  concent  rated  sulphuric  acid;  aud  this  is  the  case  with 
itlio  |[n>alL'r  part  of  the  borates.  According  to  thi.s  method, 
first  described  by  ARrvBUSois  { I'rlntuktifu  Acadrtuiriui 
finiutliuijar,  18SJ.  p. 93),  the  operator  proceeds  as  tbilows: 
A  weiu'hcd  (iiinntity  of  the  bonile  is  finely  pulvrri^r^l  and 
mixed,  in  a  plalinnm  crucible,  or  platinum  ca|>side,  with 
throe  or  four  times  its  weicht  of  finely  pulverised  floor  spur. 
The  fluorspar  must  be  extremely  pure,  and  quite  in-v  fnim 
silicie  acid.  So  much  concentrated  .sulphuric  acid  is  then 
poured  over  the  mixture,  that  when  it  is  stiircK]  with  a 
platinum  spatula,  a  thick  pap  i.s  pnNluced.  I'lie  whole  is 
tlieo  beate«),  and  finally  is  ipiited  until  no  more  acid 
Tapours  arc  disengaged.  The  borucic  acid  is  ibcrvby 
converted  into  fluolHtrir  j^aa,  wliich  entirely  flicH  off;  and 
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from  the  loss.  If  the  compounds  formed  by  ibn 
sulphuric  acid  are  sucb  as  arc  pretty  easily  ( 
water,  the  opurator  edulcorates  the  ignited  nu 
believes  that  the  undissolved  snlphate  of  lime 
the  other  bases  were  iniujih-d,  is  freed  frum 
soluble  Riilphale.4.  Prom  tlie  filtered  so]uti< 
prccipitateä,  by  oxalate  of  ammonia,  the  lime 
sulvfd  sulphate  of  lime,  and  thpi»  proceec 
quantitative  eNtiinatiua  of  the  bases. 

It  will  be  pi*rt-t-ivL-d,  that  it  is  {MtHsibIc 
tJiis  manner,  all  anhydruuü  Immtcs  that  are  üe 
by  sttlpfauric  acid.  Even  those  which  cocta 
be  tbus  analysed:  it  is  only  necessary,  in  f 
wei^li  «ith  en-nt  accuracy  the  quantity  of  til 
»par  employed,  and  afterwards  to  deduct  fro 
quantity  of  lime  obtained,  that  portion  wbicli 
tbc  tluor  spur.  Much  itdvuntagc  would  attc 
ploymcnt  ot'Iluoride  of  barium  as  the  decomp 
in  tliejte  experiment:;,  were  it  not  tliat  fluor 
more  etmvenicut.  The  In^^t  servier,  in  this 
rendered  by  the  pure  liquid  hydrofluoric:  acid, 
a  retort  of  plutinnm.  BKRZEt.lt;s  (Piioo 
Anualcn.  T.  ii.  p.  VH^)  has  employed  this  acid 
pose  the  borate.').  The  borate  fi>r  examtnatio 
in  a  counterpoi.sed  platiuum  crucible,  wit 
acid  and  äuluhuric  acid :   the  whole  is 
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ipouud  r-outains  lioUi  Itunicic  ncitl  arid  Kiliric  arid,  nod 
!i  »till  be  decomposed  by  acids,  it  is  possiblp,  uii  Bub- 
ioi;  it  to  »nnlyxiü  in  the  liutt-mrnticmrd  mrlhml,  to 
iiiirH-  uii-rcly  Lbi;  i-ummaii  wci):lit  •>!'  tlir  Iwii  uritln, 
lincc  lM>th  süictum  and  l>oroD  are  carried  off  by  iluoritio.  A 
levf  portion  or  the  «.'omjiouad  must  thcrofure  be  «niploypd 
a  pflrct  the  csliinatinn  of  tlie  silicic  acid.  Willi  dii»  \  it-w, 
be  niniiKmml  is  dn-umpiisttl  by  muriatic  acid,  upon  which 
nilicir  arid  muiiiii«  undimolviil,  and  can  \k  nrijuhcd. 
belter,  however,  to  cvnporatc  the  muriatic  acid  solu- 
ion  to  dryiiesA,  lo  moiHteo  the  dry  maiM  \vilh  mnrintic 
rid,  and,  »llrr  .Mime  lime,  to  iidd  siitlicieiit  water  to 
i»8nU'e  it ;  tbe  whole  of  the  silicic  iicid  then  r«-nuiini4 
udi».fuU-cd. 
^■jMiraliuH  of  Jioracic  Ada  from  SUtric  Acta  and  Water: 
A  »n/yxw  of  ViitAuiifr  and  Jiotryolile. — I P  n  cooi  |K"H  ild  n  hich 
contains  bonicic  mid  and  siHcir  arid,  ccmtaius  water  al}H>, 
Bu»,  lor  t-xumple,  i.s  the  ciuse  uitli  the  mineralK  called  Dnt- 
lioJite  and  BulryaUtc,  then  a  third  purtiuii  uf  tlie  eompnund 
taust  be  anal}'sc<l  lor  the  expretss  purpose  of  cstimuliiie 
the  water.  To  ihi^i  end,  it  is  only  nee(.->u>ur^-  to  iffniie  the 
coniponiid  in  a  platinum  crucible ;  the  \o»s  of  weight  indi- 
CBles  the  quantity  uC  water. 

Auati/M-»  uf  the  Silicate*  tchich  rontaiH  Horacic  Acid,  mul 
■€tu>uot  be  decompoaedb^  Adds. — llic  qaaiitilalivc  CMtimatioii 
«flwraeicacidiavcrydifficnlt  lobe  cflccted,  when  it  occurn 
in  silii-ates  uhich  art-  iiiileconiiMisable  by  arids.  'I*tie  csti- 
R»tioni.M  be  more  diflirutl,wbe-nllierelntivequantily  of  the 
Iwracic  acid  i»,  a»  il  commonly  lmppen.s  lu  be,  very  ämuil. 
Boraeic  acid  occura  in  nature,  under  ihese  circiiniMtaurcdF 
in  Axinitc  and  in  the  Tourmnlincs.  In  the  ani'.Iysis  of 
tliese  Compounds,  the  best  result  which  run  Iw  obtained 
is  one  that  »ppntacheM  tlie  truth ;  complete  accuracy  in 
not  iittiiimiltb-.  The  csliuiatiuii  of  the  hurucic  acid  in  the 
Tonnnuliae.s,  ba^  been  dl'cctcd  by  C.  (t.G.VBLlN  (I'uc- 
GKNDüRfp'ä  Aimaien,  T.  IX.  p.  175)  by  the  process  which 
folltiwti:  The  liuely-leviijated  pa%vder  is  mincled  with  car- 
bonate ut'  barytes,  and  the  mJMurc  is  8trot)i;ly  ignited. 
:Thc  ignited  muss  is  tbcu  treated  with  rxarUy  so  much 
ntiiriatic  arid  as  \s  rctgiiifiitc  to  d(X'ompue>e  it,  and  tiK-  acid 


u  gnuluatly-raltietl  licut  UO  it  becomes  ju«Cl 
boracic  acid  is  lost  by  this  ignition,  l>ecaita( 
exut  fVcc  iu  tlic  solution,  but  ii:  corobincd  \n\ 
and,  liecausc,  secondly,  no  mixture  of  acid  f 
vapour  flies  off  during  the  i^tiiUon,  as  in  tin 
itiil|iliatc  of  ammonia  itt  ijiuitctl.  It  is  with  t 
view,  tliat  tbc  ImrytCä  is  iirccipitutcd  by  c 
ammonia  instead  of  by  sulphuric  acid.  Tho  i 
weighed  alter  ignition.  It  is  then  treated  ' 
and  a  little  muriatic  acid.  The  alcohol  is  ii 
allowed  to  bum  iiHuy.  Thi.t  tipc-nttiuu  id  n 
the  cdgRi  of  tlic  ßiimv  no  hin^r  exhibit  the- . 
preen.  By  this  prinress,  the  whole  rinntitity  o 
arid  i.s  g»l  rid  uS;  :ütlmiij,'h  rnnluined  in  t^ 
borate  ofaminonia,  it  ia  converted  during  ^fl 
free  boracic  acid.  The  rejiidue  ia  nf>\v  one* 
and  weighed,  and  the  qiiuutit}'  o(  the  lM>r« 
catcd  by  the  lo&ä  of  weight 

Another  method  which  has  been 
GuKLiN,  for  the  rstimnlion  of  the  borseil 
compounds,  is  the  following:  The  pulverise 
ignited  with  rnrbonate  of  soda,  and  tbc  ign 
treated  with  wuttT.  Tlio  tsuliilinn  is  digrcsled 
lion  of  carbonate  of  aturaonia,  which  prccipjfl 
portiuiis  tif  alumina  and  .lilicie  iicjd,  whicbl 

d  i  K8(lt  V I  'jL Th*»     >iiillllif»>     In    thi>ti     »v-m^t 
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Dettymjioititüm  of  Ftitorülfs  by  Sutpbaric  Aeid. — ^Thc  most 
mecurulr-  mvtliod  of  HTectin!;UicquttutitaÜve  estimation  of 
iriiu',  is  uriqui'.Hlitinubly  that  of  cx|>e1lins  tt  iti  ihr  siiitc 
hydrofiuonc  acid  gas,  and  thrn  inlcrring;  it.s  t|iiiiiitity 
ifrom  the  Ioas  of  weight.  A  weighed  qiuuility  of  the  i]uo- 
ride  iS"troatOil  with  roDr<>ntrated  stilpfaaiic  acid,  and 
exposed  to  a  continued  heait.  The  fimirinc  first  excaiws 
in  the  state  of  hydrofluoric  acid  gas,  and  when  the  heat  is 
increast'd,  the  rxcrss  u(  •iulphiiric  acid  is  c\p*'Ilcd.  The 
metal  uhich  was  combined  with  the  fluorine,  remains  then 
behind  in  the  state  of  sulphate.  It  is  ncccsttary  that  this 
experiment  Ih*  performed  in  a  platinum  crucible,  and  thiit 
no  vessel  l»e  rniployed  of  whicli  silicic  acid  is  a  component 
part  Fmm  the  weight  of  the  resulting  sulphate  the  qnan- 
Vty  of  the  metal  in  the  base  can  readily  be  calculated. 
The  quantity  of  the  fluorine  is  then  found  from  the  loss. 
When  the  Hunrine  is  combined  with  more  than  one  metal, 
the  compound  is  still  decomposed  by  sulphuric  acid;  but 
in  that  case,  the  resulting  sulphates  must  be  submitted  to 
u  farllier  examination,  in  onler  that  the  respective  quanti- 
ties of  the  different  mctabt  may  be  determined. 

Entimation  of  the  Water  of  Cryttaltiaation  in  FluofideM. — 
When  a  fluoride  contain»  water  of  crista llisatioD,  it  is 
pOKsihIf.  in  many  cases,  to  determine  the  quantity  of  the 
water  from  the  los»  of  wcifht  experienced  on  cxjKising  a 
WClKh^^d  quantity  of  the  com|H)iind  to  ipiilion.  In  many 
Obses,  huwe\cr,  it  happens  that  the  simultaneous  action  of 
the  air  and  the  water  effects  a  partial  dt-compostlion  of 
the  fluoride,  the  consequence  of  which  'm,  ibal  the  vapn- 
rised  water  carries  awny  nnth  it  n  portion  of  the  fluorine, 
in  the  state  »f  hydrofluoric  arid  gas.  To  pn^vcnt  this 
iwndcnt,  and  to  determine  the  quantity  of  the  water  of 
CITBtlÜIisation  in  a  fluoride  with  j^reat  aeeorary,  the  com- 
pound is  mincled,  in  a  little  glass  retort,  with  abwit  six 
times  its  weight  of  finely-pulverised  and  recently-iirnited 
protoxide  of  lead ;  the  mi\ture  is  covered  with  a  little 
protoxide  of  lead,  and  cbe  whole  is  then  ignited :  (he  water 


—BERZBLirs  hau  inrariably  made  its6  t 
in  liie  tisliinatiuii  uf  the  water  of  cryuUl 
fluorides.  fl 

Separutton  of  Fluorida  from  Tlifilm  fluoric  j 
compounti  uf  tluorine  with  a  metal.  ^^  liich 
hydrofluoric  acid,  is  to  be  analysed,  th«  t. 
hydrofliinrir  mid  ran  lie  detrniiin«!,  in  a  gi 
ca.<ie!>,  Iroiii  tia-  \us»  uf  wi-i^lit  t>.\ prrienced  v 
jKirliuD  of  (he  coiopoiuiJ  is  heated  tu  rcditew 
cnirihir.  The  lixL-d  lluoriJu  aluue  rrmains 
since  (he  remaiiuiif;  fluoride  is  liable,  in  ■  g; 
cMiiCti,  tu  bo  {Hurtially  decomposed  Iiy  igniü 
air,  it  is  proper,  with  Bkn/.blil'8,  to  detci 
caites,  the  quantity  of  tlic  hydrufliioric  acid, 
compound  with  .six  Liiue»  its  Mei^it  offino-j 
rcccntly-i^ited  protoxide  of  lead,  and  the 
mixture.  When  tlms  treated,  the  hydrogt^n 
fluoric  acid  and  the  oxy^cii  of  the  prot( 
produce  water  wliiih  passe»  away  uiiaecuit) 
acid.  That  the  quuntily  of  ihi.s  wutcrr  may  I 
the  oiM^rdtur  prucceils  exactly  in  tlie  »am«-- 
llie  drlenniDatioD  of  the  water  of  rrysiaU 
fluorides.  Fntiii  the  (pianlily  of  the  volntili 
quantity  of  the  hydi-ulluoric  acid  in  the  c 
be  eajtily  recltoncd. — If  another  portion  of 
be   then   lumlvscd    l>v   dccomiKisition    wiih 
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iicid,  contains  water  of  rrygtallisntion  nlso,  then 

wuler  which  is  expelled  when  thf>  cxmipuund  'is  i^ited 

|in>ti»\.i(Ie  of  Irad,  <:on,sbit;(  lii>(h  of  the  nator  of  iry»- 

tion  of  the  coiu|]uund,  and  of  Ihu  water  pnxluced  by 

ombination  of  the  hydrogen  of  the  hydrolluoric  arid 

the  ox  j'pen  of  the  protoxide  of  lead.     But  Uie  res))«:- 

ive  quantilieü  of  theiw  tun  pnrtiimx  of  water  muHt  be 

otermined.      The  openilor  decomposes  another  portion 

r  the  compound  by  sulphuric  acid,  and  detennincs  from 

weight  of  the  sulphate,  the  common  weight  of  the 

uurinc,  the  hydrofluoric  acid,  and  the  water  of  cryslal- 

atioii.      He  thnn  derompiMcK   by  Kulphuric  ucid,   iJio 

ia  produced  by  i|;iiitin|;  thr  corajHiuad  with  protoxide 

li-ad.      ThiH  unalyMin  miikcs  lumwn   the  quantity  of 

uorinc  contained  both  in  tbc  lluuhdc  and  the  hydro- 

oiir  ncid. 

Etiimitfwn  of  Fhmine  in  Sohtiimt. — It  is  mnre  diffictitt 
determine  the  qniiniily  of  tluurinc  in  a  mmpound  whirb 
disaolTod  in  woler     When  tlic  compound  \a  not  dis- 
'ed  by  the  help  of»  Ibrei^n  aciil.  but  exists  in  solution 
-rirtiie  of  the  prt-.-ience  of  frei;  hydrolluortc  acid,  it  may 
dL'L'i imposed,  if  tbu  nature  of  the  compound  udinit  of 
by  lioilinir  with  carbonated  or  rniutic  potaKh.     The 
:ces.s  of  potash  is  aficr^vards  .sutunilci)  by  tin  acid,  tht; 
'Molutinn  \&  then  made  ammontacal,  and  the  wbolc  quan- 
tit}-  oi  the  Oaoriue  in  the  rcüulting  Huoride  of  pttta.'isiiiin, 
is  pn-ripitat»!  as  fluoride  of  cah'ium  by  ttie  tiohitiuu  of  a 
Kult  of  lime.     The  quantity  of  tlie  fluorine  con  be  calcu- 
lated from  the  wciRbt  of  the  precipitated  fluoride  of  cul- 
citiiii.     A  dissolved  fluoride,  such  as  {f>  here  spoken  of. 
can  very  seldom  be  prcäcnled  for  analysis;  the  prucau- 
Lion«  wbicli  are  necessary  to  I>e  taken  in  ihn  p<>rfoni)anc(! 
of  tile  expvriment,  will  tie,  liuwever,  cinriimstaotially  do 
Miribed  hertaüer. 

Sc^KirutwH  vf  Fittorine  from  Huron, — llic  corapotltHi  of 
Aiionne  with  boron,  ond  the  romponndd  of  fluoride  of 
bfiron  with  fluorjdett  of  metuU,  eaniioi  be  quantitatively 
analysed  without  much  difliciilty.  When  thry  an-  de- 
composed in  the  .■came  manner  iLt  the  fliioriiles,  iiiuuelyi  by 
jtulpburic  »cid  aided  by  heat,  one  can  iletenninc  from  the 
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wbcn,  towards  the  end  of  the  process,  the  heat  is  raised'. 
till  thu  crucible  is  i^ited,  the  excess  of  sniphuric  acid  flies 
uir  »Iko.  Ail  {"he  bases  of  the  rfimixtiiiid  rrniain  bchincl, 
cuiubiitcd  nith  sulphuric  arid  ;  they  iiru  minf:U-d,  however, 
with  the  entire  qaantity  of  sulphate  of  lime  produced  by 
tlitt  docompoiiitiiin  of  the  flnorspar.  TIih  quantities  of  ths 
dilfercut  base;«  un-  estimated  after  uicthuds  which  have 
already  been  detailed.  When  they  have  been  accuratdy 
dctvnnined,  the  qanntity  of  the  borncic  acid  is  leanwd, 
from  the  Joss.  If  tbe  compoundä  formed  by  tlic  ba«cs  witfa: 
siilphiirir  acid  are  such  as  are  pretty  easily  dissolved  by 
water,  (he  operator  edulcorates  the  ignited  mass  natil  Iw 
believes  that  tlic  undissolved  sulpliate  of  time  witli  «btcli 
the  otber  bases  were  mingled,  is  freed  fnim  the  ea&ilj- 
solublc  sulphates.  From  the  filtered  solution,  he  first 
pre(-i|iitatvi!>,  by  oxalate  of  anmiouia,  the  lime  of  the  dis- 
solved sulphal«  of  lime,  aud  then  proceeds  to  effect  tbe 
(|uniilitntive  estitnalion  of  the  bases. 

It  will  be  perceived,  that  it  is  possible  to  analyse,  in 
this  maouer,  all  anhydrous  borates  tltat  are  decomposable 
by  sulphuric  acid.  £veu  those  which  contain  lime  oui 
be  thus  analysed:  it  is  only  necessary,  in  that  case,  la 
weigh  with  great  accuracy  tbe  quantity  of  the  pur«  fluor 
spur  cniploycti,  and  afterwards  to  ih-duct  from  the  totnl 
quantity  of  lime  obtairuMl,  tl>at  portion  which  Wloogs  In 
the  fiuor  spar.  Much  udvantage  would  attend  tlw  coi- 
ployiiieut  of  fluoride  of  barium  im  the  decüm|>osin)r  agent 
in  these  experimeotit,  were  it  not  that  fluor  spar  is  far 
more  convenient.  The  best  service,  in  this  resi>e<%  fa 
rendered  by  tlie  pure  liquid  hydrolluoric  acid,  prepared  in 
a  retort  of  platinum.  Bkreblius  (PoGGENPOKHr'!< 
AnnaIen,T.  ii.  p.  \S^)  has  employed  this  acid  to  dccOB- 
pose  the  borates.  The  bomte  tor  »■x.iuuinatiou  is  mixed, 
in  a  counter])oised  platinum  cniciblc,  with  hydrofiuoric 
acid  and  .sulpliurir  acid;  the  whole  is  theo  heated  anil 
evaporated  to  dryness,  and  the  residue  is  heated  to  red- 
ness :  what  then  remains  is  the  base,  which  was  before  ia 
combination  with  boractc  acid,  but  is  now  in  (he  slate  «f 
.vulplmU'. 

Separation  of  ßoracic  Acid  from  SiHcic  Acid. — When  « 
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cnuipound  conlaioK  botJi  bonicic  iu;i(l  anil  silicic  arid,  und 
can  xiill  li«  decomposed  by  acids,  it  U  possible,  on  siib- 
mittini;  it  to  analysis  in  the  laüt-mcnlionod  metliod,  to 
cletcrmin«;  mrn-ly  t\u:  romraon  wcijdit  of  the  two  acids, 
tiiuce  botJi  silii'iuui  luiit  liorun  tue  rarried  oil'  by  fliinrinr.  A 
u«w  portion  o(  the  compound  niu.sl  Iherelbrc  liit  employed 

»to  effect  the  estimation  of  the  silicic  acid.  With  this  view, 
ibe  compound  is  decomposed  by  muiialic  acid,  upoo  which 
the  .silicic  acid  remains  undiissolved,  and  can  be  wei^lied. 

»it  is  bolter,  however,  to  evaporate  the  uiuriatic  acid  solii- 
tion  to  dr>-nc3S,  tu  moisten  the  dry  mass  with  muriatic 
iirld,  and,  aQer  st»ac  time,  to  add  siilHcicnt  water  tii 
dissolve  it ;  the  whole  of  the  silicic  acid  tlicn  remainij 
I   uodiKNolved.  • 

I  SrpiirHlioH  of  Bararic  Acid  from  Sitirtr  Acut  aad  Water: 
\  Anai^ais  of  DalkuiUv  ami  IStfliyutUi: — If  a  compound  wliirh 
BaOBtaias  boruric  ucitl  and  silicic  ucjd,  conluiiiN  water  uIm), 
as,  for  example,  is  the  case  with  the  minerals  called  U»l- 
holiteatid  Uolrjolile,  then  a  tliinl  portion  of  the(-«mi]iiiuad 
mtiNt  be  aiialystr«!  for  the  exprcKS  pur|>o<(e  of  e.sliiti(itin|; 
tlti-  water.  To  this  end,  it  is  oidy  uece»;iani'  to  ipuite  the 
L-omiioiind  in  a  platinum  crucible;  the  los.s  of  weight  indi- 
rales  (he  ijuunlity  of  water. 

A»al»f.sfi  of  the  Siiicttfes  which  contiiin  Jioraeic  Acitl,  ami 
camnol  be  licrutajMSfd iii/  Acitls, — The  i|uantitntive  estiniatiou 
(if  li«r:ii-ic  acid  is  very  difficult  to  be  efleclcd.  »  hen  it  occurs 
in  silicates  which  are  imlecomposahlc  by  acids.  The  esti- 
mation is  the  mure  dißicult.whcji  llie  relative  ipiantity  of  ihu 
Ijomcic  acid  is,  as  it  commonly  happens  lo  be,  very  small. 

IRiwucic  acid  occurs  in  nature,  under  thetie  circumstanccti, 
in  AilIiüI«  and  iu  the  Tourmaline«,  lo  ihc  ann'ysis  of 
these  comjKiimd.s,  the  best  result  which  can  be  olitained 
i^  one  that  approacbc»  Uie  truth;  complete  accuracy  is 
not  attainable.  The  estimaiiun  of  the  horacie  acid  in  the 
Tounnalines,  has  Im'cii  effeclKl  by  C.  G.  Gmelin  (Poc- 
cKMJORt'K's  AniiiUen,  T.  IX.  p.  l?.*!)  by  the  pnice.<M  which 
■  follows:  The  linely -levigated  powder  is  miui^ed  with  car- 
bonate of  baryles,  and  the  nii\turo  i.s  stmn^^ly  iiniilcd. 
The  ijjnited  ma.s-*  is  thcu  treated  with  exactly  so  much 
muriatic  ucid  at>  is  requisite  lo  decompose  it,  and  the  acid 
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solution  is  ovA[>omtci)  to  dryness  on  tltc  wntcT  bnlh.  The 
quantity  ofboracic.acid  which  volutilizcs  during  thi»  vm- 
ponitiim  i.s,  iicconlinf;  tu  C-  G.  Gmklin,  so  sniaU,  thnt  it 
may  Iw  quite  nK>:l(>rti?d.  The  silicic  acid  i»  i^eparatMi 
from  the  dry  mass  in  the  usual  manner.  The  solutioo 
liltered  from  the  silicic  acid  is  mi\ed  with  an  cxcvxsoTa 
solution  of  carbonate  of  ammimia,  which  precipitates  the 
barytcs.  The  solution  filtered  from  this  procipitat«  ii 
evaporated  to  dryne:«,  and  the  dry  re-sidue  is  cxpaiwttA 
u  ifraduitlly-raiKüd  heat  till  it  hvcomes  just  red-boi.  Na 
boracic  acid  is  lost  by  this  i^iition,  bcxauso  it  docs  not 
exist  free  in  the  solution,  but  is  combined  with  unuDoniii; 
and,  hccatisc,  secondly,  no  mixture  of  acid  and  anoeoM 
vapour  flics  off  durin);  the  ignition,  as  is  the  case 
sulphate  of  ammonia  is  ignited.  It  i»  with  this  abj 
view,  that  ihc  burytes  is  precipitated  by  c-arboiiat« 
iimmonia  iuKti-ad  nf  by  sulphtiric  acid.  The  dr>'  re<4idue  is 
weighed  alXt^r  ii;:nition.  It  is  then  trealeit  with  alcohol 
and  a  little  muriatic  acid.  The  alcohol  is  iullamcd,  ant 
allowed  to  bum  away.  TTiis  operation  is  Repeated  until 
the  edges  of  the  ilanie  no  longer  exhibit  the  least  tinpiof 
green.  By  ttiis  pruuess,  the  whole  quantity  of  th«  IkiduHl- 
Qcid  iti  got  rid  off;  ultliough  ninliiimil  in  the  sulutiun  as 
borate  of  ammonia,  it  is  convened  during  the  i^itioo  iaif) 
free  boracic  acid.  The  residue  is  now  once  more  ignited 
and  weighed,  and  the  quantity  of  the  boracic  acid  is  indi- 
cated by  the  lof«s  of  weight. 

Another  method  which  has  been  recomniende«!  by  CG. 
Gmkijn,  for  the  rtitimnlton  of  the  boracic  acid  in  Ibesl 
compound»,  lA  the  following:  The  pulverised  mineral^ 
ignited  with  carbonate  of  soda,  and  the  ignited  maM  id 
treated  with  water.  The  solution  is  dißusted  with  a  sola- 
tion  of  carbonate  of  ammonia,  which  precipitates  tlie  sniU 
portions  of  alumiua  und  AÜicic  acid,  which  the  wnter  hail 
dissolved.  The  solution  Is  then  evaporated  lit  dryHM» 
th«  dry  mass  in  treated  with  tiulpliuric  arid,  and  the  buiacic 
acid  is  dissolved  Ity  digestion  with  alcohol.  Finally,  Ik» 
solution  is  .saturated  with  ammonia,  and  the  residue,  whirti 
runsists  of  boracic  ai:id.  is  ignited  and  weigbixl. 
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XLVI.    FLUOIUNE. 

Deeompositian  of  Fluorides  hy  Sulphmic  Acid. — ^TIio  most 
arcarale  melliod  of  effccling^tlicquanlitative  esüoialion  of 
lluorinp,  is  iinqiieslionaMy  that  orpKiwUiu^  it  in  the  state 
of  hjtlrofluoric  acid  ^vl»,  and  then  inremng  its  quantity 
from  Ihe  loss  of  weicht.  A  wciphcd  quantity  of  tJie  fluo- 
ride iff*treatcd  with  concrntrati'il  flulphuric  acid,  and 
exposed  to  a  continued  hcut.  Tbc  fluorine  iirst  escupes 
ill  the  stnte  ofhydroQuoric  acid  gas,  nod  when  the  heat  is 
ificrra.'«^!,  llic  excess  «f  nnlphurir  acid  is  e\pplled.  The 
metal  flitch  ■wan  combine«!  xviib  the  fluorine,  remains  tbeu 
behind  in  the  state  of  sulphate.  It  is  necessary  Uiat  this 
oxperimcnt  Im?  performed  in  a  platinum  crucible,  and  that 
no  vessel  be  eniployod  of  %vhich  silicic  acid  is  a  component 
part.  From  the  «-eight  of  the  resulting  sulphate  the  quao- 
lily  itf  the  nirlal  in  thr  base  can  readily  l>c  calculated. 
The  (juuntity  of  the  tlunrinr  in  then  round  t'nmi  the  loss. 
When  the  fluorine  is  combined  with  more  than  one  luctoi, 
the  cctmpcmnd  \s  still  dtK'OinjHiscd  by  sulphuric  acid ;  hut 
in  that  case,  the  resullin;*  sulphates  must  be  subuiJItcd  to 
a  farther  examination,  in  order  thai  tJie  respective  quanti- 
ties nfthc  different  metals  may  be  determined. 

Estimadim  of  the  Wtiter  of  ('rifttallisation  ix  Fluoride», — 
When  a  fluoride  contains  water  of  cry  stall  isalion,  it  is 
possible,  in  many  cases,  to  determine  tlic  quantity  of  the 
water  from  the  loss  of  weight  ex)»erienre<!  on  exposing  a 
weighed  qiiantity  of  the  compound  to  ignition.  In  many 
^a.s<^s,  howcTcr,  it  happens  that  the  simultaneous  action  of 
Ihe  air  and  the  water  eirrcl.*«  u  partial  di'CDmpositiuu  of 
the  lluoride,  the  consequence  of  which  is,  that  the  vapo- 
ritied  water  carrier  away  with  it  a  portion  of  the  fluorine, 
in  the  state  of  hydrofluoric  acid  gas.  To  prevent  this 
accident,  and  to  determine  the  quantity  of  the  water  of 
crystallisation  in  a  fluoride  with  great  accuracy,  the  c^ini- 
poutul  is  minirled,  in  a  little  glass  retort,  with  about  six 
times  its  weijrftt  «f  finely -pulverised  and  roccntly-iirniied 
pnitoxide  of  lead;  the  mixture  is  covered  with  a  liitic 
protoxide  of  lead,  and  the  whole  is  then  ignited :  the  water 
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]K!rly  cMlulcorated,  it  is  completely  freed  frvxa  byihtej 
acid.    Ft  IS  Ihrn  dried,  ignited,  and  vrcighrd.    TIxm 
filtered  t'nim  the  silicic  acid,  ia    trcAtcd  id  the 
M-liich  Ims  bucD  described  above. 

Sepfirafimt  of  Flutrride  of  Silirii/m    fram   /hmliil 
^WaZ«.— The  tompound.s  which   an*  tbrnu-d  liy  Aei 
binatioD  of  Ittioridc  of  silirium  with  the  flooridfs  </i 
con  Ik:  nnnlysrd  in  diflercnt  ways,  when  thry  areiii 
state.     If  tbcy  arc  treated  ^nth  e;ul|>hunc  add  aadl 
and  tbf  exeesx  of  sali>hurir  acid  in  finally  expeflediri 
application  of  a  ütnm};  ht^at.  thß  winde  nt'  tbe  Adq 
silicium  is  cxpelJcd.  as  fluoride  of  siliciuni,  aiid  ikl 
nf  the  flnoride  remainä  behind   in  the  state  oTi 
Most  of  these  compoiindä  ate  decomposed  vcfyj 
ulieii   treated   ^vith   siUphurie   acid,    ^vbile   hh 
dL*ichai^e  uf  HuoKiticic  {ih-h  takes  place.      Someuft 
faonever.  a:«,  for  example,   the    fluoride  of  giÜrini^ 
calcium,  aud  tbe  lliioride  of  siliciuin  and  lHiriiin.J 
attacked  uolcas  the  acid  be  assisted  by  hcau— Hwi 
of  the  resulting  ttidphatr  \»  determined,  and  tbei 
of  the  metal  is  eaJculatiHl.     Frum  tlii»,  the  whole  t 
tiouofthecom]>ouml  can  be  learueil,  pnmdnl  iti 
no  water  of  crysiallisation. 

The  compoand.-^  of  fluoride  of  üilicium  with : 
metals,  can  also  bo  annly^cd,  when  in  a  dnr  MtX 
ignition.  Ga.seons  fluoride  of  .tUicium  escapes,' 
metallic  flnoride  remainii  behind.  The  rotnpositiasi 
cuitipiiuiKl  ran  then  lie  it-ckuncd  from  the  nei;ililrfi 
melHllic  lluuride.  siippusine  that  uo  water  of  crys 
tioQ  wa.'!  present.  It  requires,  however,  a  lous- 
heat,  to  expel  the  whole  of  the  diiuride  of  siliciaoL 
if  the  componnd  be  ignited  in  free  air,  tho  rcn«iHi[i 
tallic  fluoride  contains  free  .silicic  acitl,  becaase  tliei 
trace  of  ninistiire  in  the  air  is  .sii6irient  to 
silicic  acid  from  the  fluoride  of  silieium;  and  tk| 
pitated  silicic  acid  is  immediately  dissolved  by  ttwl 
metallic  IIiioTide.  This  occui-g  in  a  more 
de^ee  wlu-n  tbe  experiment  is  |>erfoTinCHl  in  an  op*^' 
tinum  crucible  heated  overnApirit  lamp,  Kiarvibebof* 
of  the  alcohol  sivcn  rifie  to  the  produetJon  ufwiicr.  Bv 
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fliiori«  acid,  contaios  water  of  crj'stallisation  also,  then 
tbe  water  wbich  is  e^jtelled  when  tim  compnimd  in  i^nilinl 
with  protoxide  ol"  lead,  coiisisls  iHith  of  iIib  water  of  crys- 
tallisation of  ihc  compound,  and  of  the  water  produced  by 
the  combinalioQ  of  xiw.  bydrngt-n  of  (he  hydruiluoric  acid 
with  the  oxyi,'en  of  the  protoxide  of  lend.  Bitt  the  respec- 
tive qnantitics  of  these  two  portions  of  water  maat  b« 
deterrainod.  The  operator  decompoiiett  another  (lortioii 
of  the  eonipoiiiid  by  siilphurie  acid,  and  detrrmiiies  from 
the  weij^ht  of  the  sulphate,  the-  rommon  weight  of  the 
fluorine,  tbe  hydmfltinrtc  acid,  and  tlui  water  of  crystal- 
li;4ation.  He  theu  decocapoetes  by  sulphuric  acid,  the 
inas.t  produced  hy  if^iiliii^,'  the  enmpouiid  with  protoxide 
of  lead.  Thiti  analvMiit  maken  known  ibe  quantity  of 
flunriiie  contained  both  in  tbe  fluoride  and  the  hydro- 
fluoric acid. 

Ettimalion  of  Fharine  ia  Sohtitms. — It  is  more  diflicult 
to  determine  the  quantity  of  fluorine  in  a  ront|i(iuii(l  which 
in  dissolved  in  water.  When  tlie  compound  is  not  di«- 
solTed  by  tlie  help  of  a  foreign  acid,  hut  exists  in  solution 
in  virtue  of  the  presence  of  free  hydrofluoric  acid,  it  may 
be  dccompoRctl,  if  the  nature  of  the  compound  admit  of 
it,  by  boilint;  with  carbonated  or  cauiitic  potash.  The 
excess  of  potash  is  aftcruard-s  satuntted  hy  an  acid,  tlui 
iM>]ution  is  then  made  ammoniaral.  and  tbe  ubolc  quan- 
tity of  the  (luorine  iu  tbe  resultiuK  fluoride  of  pota-Hsinm, 
ja  precipitated  as  fluoride  of  calcium  by  the  i><>hition  of  a 
salt  of  lime.  Tbe  quantity  of  the  fluorine  can  be  calcu- 
lated from  the  weigiht  of  the  precipilntcd  ihiori de  of  cal- 
cium. A  dissolved  fluoride,  surh  as  is  her«-  sjM>ken  of, 
can  very  .seldom  be  presented  for  analysis;  the  precau- 
tions which  art-  iiecciutary  to  be  taken  in  the  (icrfonnancu 
of  the  experiment,  will  be,  however,  eircum^tauiially  de- 
scribed bercaflor. 

Sf/Miration  of  f'invrine  from  JJotuh. — The  compound  of 
fluorine  with  boron,  luid  tbe  compounds  of  fluoride  of 
boron  uith  fluorides  of  metals,  cannot  be  quantitatively 
analysed  without  much  ilillicnlty.  When  lliey  are  dc- 
compo!4rd  in  thi-  same  manner  as  the  fluoride^,  nuiuely,  by 
tmlpburie  acid  aided  by  heat,  one  can  determine  Irora  the 
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weight  of  tbe  resalting  sulphates,  n-hnt  is  the  co 
vroi^bt  of  the  fluoride  of  horuii  ami  flaorinc,  which 
combined  with  the  metals  of  the  rr.-tiiltinc  oxides.  If  ih* 
Cümpoiiud  «contain  watrr  of  cr^Klanisaliun,  it  maat  b« 
gstimatefl  by  ignilin;;  the  compound  with  protoxid« 
lead,  in  tlie  r^anie  manner  as  in  the  caac  of  tlie  flofrndoL 
It  is  impossible  to  surreed  in  drconijMtHiDp  tbe»;  con- 
pounds  by  treatment  with  a  solution  of  carboanted  <ff 
cauistic  nlcitli.  When  they  are  heated  in  a  retort,  tlw 
mettillie  fluoridi'  riMUiiiiis  behind,  the  fluuridtr  uf  boroo  fli« 
away,  l^e  quantity  of  tbe  fixed  fluoride  might  then  he 
determined,  and  the  compcHdtion  of  the  c-ompouad  be 
therefrom  calculated ;  but  it  is  oücn  extremely  difficult 
to  effect  the  entire  deeom position  of  the  compouiMl  kj 
heating  it  in  tbe  manner  alluded  to. 

Stparatiou  of  Fluorw  from  Siticittm. — ^The  compound 
of  fluorine  with  silicium,  but  more  partirularly  the  cod* 
piKindn  which  fluoride  of  »ilirium  proilurrs  trith  fluorides 
of  metals,  can  be  more  easily  analysed  than  those  in  whiih 
lioroD  ifi  present.  When  u  KoluiJon  of  tluoridc  of  sUiciui 
in  water  is  to  be  anaJy^^ed,  the  operator,  according  to  Rks- 
ZBLIU8  (PoccKNDORKir's  .\miaien,  T.  I.  p.  173),  can  bed 
effect  bis  purpo.sc  by  thi-  following  process :  \  solution  af 
carbonate  of  soda  is  added  to  the  acid  solution  us  lonz  ■.'> 
it  produces  cficrresccnce ;  a  precipitate  is  thereby  pio- 
duced,  which  is  the  spariujrly  soluble  fluoride  of  silicim 
and  sodinm.  This  is  filtered  upon  a  noigbed  tUtrr,  and 
edulcorated.  Tbe  fluoride  of  siliciam  and  aiKlium  is  tbn 
dried  in  a  weighed  platinum  cniciblt-,  aiul  iti  .turh  a  mnr^** 
that  the  portion  of  the  dissolved  sail  nhich  baj^  pcnotimtnl 
through  the  paper  of  the  filter,  cannot  be  lost.  TIm  vd^ 
of  the  double  salt  is  then  determined,  and  the  respectiTi" 
quaiilitie.«  of  the  silicium  and  fluorine  are  then  caJcnlatHL 
The  solution  which  was  saiunited  with  soda,  in  now  snpn- 
saturated  with  carbonate  of  sod»,  and  is  mi\ed  with  a 
solution  of  carbonate  of  zinc  in  caustic  ammimia.  Tb« 
mixture  is  then  evaporated  nearly  to  dryness.  The  on*' 
of  vine  combines  with  the  silicic  acid  and  forms  a  siliotte 
which,  when  the  mass  is  treated  with  warm  w  uter,  rrnuiiv 
behind  iiiidi.<isolved.    It  can  be  wajihed  with  water,  with* 
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oat  la«in)?  any  thinf:  by  solution.  This  .silicate  of  zinc  is 
afleraanlü  flcroiuponed  bjr  nitric  acid,  an<t  the  xulution  m 
rvupunitcd  tu  dryuoss,  to  rtjider  the  .silicic  acid  rcHnplctcly 
iuäoluble.  The  dry  mass  is  then  treiitcd  with  acidulated 
vater.  The  nitrate  of  zinc  dissolres,  while  the  silicic 
acid  remains  andissulvcd;  it  is  filtcrod,  nnsfaed,  ignited, 
and  M'cis^hed.  From  llie  weifflit  of  the  silicic  acid,  the 
quantity  of  ihr  üiliciiim  in  ralculalcd. — ^Tlie  alcaline  soln- 
timi  tillered  fnmi  the  Nilicutu  of  zinc,  and  which  still  cou- 
taiiis  lluoridc  of  sodium  aikd  carbonate  of  »oda,  is  now 
saturated  with  m-etic  acid,  bat  without  Iwiu)^  hrousht  to  a 
cumplctu  slate  of  neutrality,  lest  it  .'ihould  (jccusloii  a  Ichs 
of  hydn>fluoric  acid  by  volatihzatioo.  The  solution  i.s 
thereupon  cautiously  evaporatod  to  drj-ness,  and  Ihc  dry 
mass  is  treated  with  a  mixture  of  alcohol  and  acetic  ncid. 
The  small  portion  of  carijooate  of  soda,  which,  in  conse- 
quence of  Ihc  incomplete  saturation  of  tlie  alralinc  .«dilution 
by  acetic  acid,  sliU  remaitiH  in  the  dry  nuiss,  is  thus  con- 
verteil  Into  acetate  of  soda.  The  entire  quantity  of  (he 
ttOCtate  of  soda  then  disäolvcs  in  the  alcohol,  while  the 
flaoride  of  sodium  remains  undissolved.  It  is  hltcrcd, 
edulcorated  with  alcohol,  dried,  iji^nited,  and  weighed. 
From  the  weight  of  the  lliinride  of  .sodium,  the  operator 
calculates  the  quantity  of  fluorine. — The  con.>ititution  of 
the  aqncims  wdution  of  fluoride  of  siliciuni  can  lie  tutlcu- 
lalc(l  from  Ihc  results  afforded  by  the  above  experiments. 
If  the  analyst  desires  to  ellert  a  quantitative  estimation 
of  the  Raseous  compound  of  fluorine  and  siliciuni,  ho  most 
conduct  llie  g^n  into  water,  whereupon  a  deposition  of 
ailieic  acid  takes  place.  The  tpus  may  Iw  coniinutdly 
parsed  into  the  water,  until  the  pasty  condition  of  the 
»tJutiou,  pi-nduced  by  the  separation  of  the  silicic  acid, 
prevents  the  al>s»r])lion  of  any  more  ^na.  It  is  necessary, 
that  the  lube  which  conducts  tlie  ^aa  do  not  come  into 
contact  with  the  water,  otherwise  it  can  readily  Itecorae 
Mtupjied.  The  ub.sorption  of  the  gas  is  promoted  by  fre- 
quently a^tatint;  the  liquid.  The  pasty  solution  is  diluted 
with  M'atcr,  and  the  precipitated  silicic  acid  is  tUtorcd, 
and  washed  with  water  until  the  liltered  liquor  cca-ses  lo 
redden  litinu.s  paper.     AVhen  the  silicic  acid  hns  been  pro- 
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perly  edulcorntMl,  it  is  roniplvtely  freed  from  hyilroliarir 
acid.  U  is  tlieu  dried.  i^iU-tl,  and  weighed.  Tbc  snlgbia 
filtered  liroin  the  silicic  acid,  is  treated  In  the  bum 
which  ha»  been  described  above. 

SrpttratioH  of  Flunri/if  itf  SUicium  from  Flimnda  4 
Metah. — Tile  compounds  wliicli  Art-  formed  \iy  th«  tu» 
binatiou  of  fluoride  of  ^iUcium  with  tbvflndridcsofmmh, 
can  be  aiia.ly.'^cd  in  diO'crent  ways,  when  tJif^y  an-  in  aAy 
state.  If  tbey  are  treatt<d  with  liulpfauric  acid  and  heabi 
and  the  excess  of  stdpburic  acid  is  finally  expelled  bi  llv 
application  nf  ii  stmnt^  brat-,  the  whole  of*  thf  fluomieiMl 
ailiciuiu  is  expcllrd,  ii.s  fluuridir  of  silicium,  and  tbe  »ml 
of  the  fluoride  remains  behiod  in  the  state  of  »nlphau. 
Most  of  tboML'  compounilti  ati;  Occoroposed  very  npi^ 
when  treated  with  sulphuric  acid,  wbili*  an  abnndflt 
<liMchar^c  of  fluosüicic  gas  takes  place.  Some  of  link 
however,  a»,  for  example,  the  fluoride  of  sUiciuia  wi 
calcium,  and  the  lluoride  of  silicium  and  barium,  an  M 
attai^ked  ontess  the  acid  be  assiüted  by  heat. — ^The  w«iskt 
of  the  resullinR  sulphate  is  determini'd,  and  the  qouiilf 
of  tlie  metal  is  caUolated.  Fniw  Üii»,  the  n  hole  conpoB- 
(ionofthcrompoiiml  can  In;  learned,  provided  itcoDiaiMl 
no  water  of  crystallirtation. 

The  compounds  of  fluoride  of  silicium  witli  (InnriiicfW 
inelals,  can  aläo  be  analygcd,  when  in  a  dry  stale,  br 
ignition.  Gaseous  fluoride  of  sUinum  esc-apos,  wliilc  tbr- 
metallic  tluoride  remains  behind.  The  rompuicilion  of  dr 
compound  can  liien  be  irc'konud  fruni  the  weijfht  uf  lb 
metallic  lluoride,  «uppoüing  that  no  water  of  cry^iatlio- 
tiiui  was  present.  It  riHiuin's,  liowever,  a  lonjC'ContiaBi' 
heat,  to  evpt'l  ihe  «hole  of  the  lluoride  of  silicium.  And 
if  the  cunipouiid  be  ignited  in  free  air,  the  remaiain;  ■»■ 
tallic  fluoride  contains  free  silicic  acid,  becausi^  the  slightot 
trace  of  moisture  in  the  air  is  »uflicicat  Ut  precipitile 
silicic  acid  from  the  Huoridc  of  silicium;  and  the  pud- 
pitaled  silicic  acid  is  immediately  dis-tolved  by  the  meM 
metallic  fluoride.  Thi.s  occurs  in  a  more  constdermyB 
de^ee  tvhcn  tbt:  experinient  i.s  )>eriVinned  in  an  open  pl^ 
tinum  crucible  heated  over  a  .spirit  lamp,  since  the  honuBf 
of  the  alctAul  gn^es  ri.se  to  tlic  production  of  water.    Btft- 
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ZBLit's(FocßENi>ORPp's  Aiiiinleii,  T.  i.  p.  IH!I),  IimA  the 
following  mctluid  of  avoiding  thu  incoDvenicncc:  When- 
ever (he  rcsulliag  mctaUic  fluuriÜL-  nag  lu  Im;  weighed, 
with  a  view  of  calculating  from  its  weiifbt  the  composition 
oftlir  rompfiiind,  lie  plnrctl  three  covered  cruri!ile>>t  »itlini 
ODC  auotbcr,  and  fat-ati-d  them  io  u  cliarcwü  tire;  the  Com- 
pound for  examinittion  Iwitifr  placed  in  the  iniienaotit 
eniciliLc.  The  KÜicic  acid  then  st'ttlcd  iu  a  lliiek  rnist  on 
the  inner  side  of  the  outer  crucible. 

If  the  compound«  of  fluoride  of  ^licium  with  fluoride» 
of  metals  contain  water  of  cryntallisntion,  its  (jiinnlity 
mnsl  be  detoi-niinetl  by  an  cxiK-niuenl  ivitli  protoxidtiof 
lead.  A  weighed  quantity  ofth«  compound  ia  mixe<l  very 
»crnrately.  Ina  Utile  distilling  apparatus  of  e1:iks,  with  six 
times  its  ni-iiflit  of  lin<;l) •pulverised  and  rcccolly -ignited 
protoxide  iif  lead ;  and  the  mixture  i:i  covered  witli-a 
stratum  of  protoxide  of  load.  The  whole  is  thereupon 
vx|>os«hI  to  heat,  but  the  temperature  must  never  be  al- 
luwe<l  to  appnmeh  to  JKnition.  The  mixture  Ium's  tt^vtlier, 
aud  pure  water  parses  off.  When  the  little  retort  hajt  been 
wcizhed.  the  cpianlity  of  the  water  of  cryKiullisntion  is 
aitrertiüaed  from  the  lusä  of  weixbt  occaMUDvd  by  (lie 
ignition. 

When  the  eotnpouuds  of  fluoride  of  Kilicium  with 
tluorides  of  metals  are  iu  solution,  tlic  compu^iition  must 
be  cIcleTtnined  by  decomposing  the  dissolved  compound 
by  a  solution  of  carbouale  of  ttoda.  It  is  proper  (o  boil 
tlie  solution  with  an  excess  of  the  carbonate  of  ^oda.  by 
which  all  the^e  com|Kmuds  are  decomposed.  Curbunie 
ucid  is  disengaged,  and  fluoride  of  »odium  Is  formed; 
while  the  metal  which  was  i;ond>iu<-«l  »itii  the  fluorine 
becomes  oxidised,  and,  if  it  be  iusoluble  in  u  »oIutiuD  of 
carbonate  of  soda,  combines  with  the  silicic  acid,  and  ia 
precipitated.  Rut  pvrn  »hen  the  oxide  is  soluble  in 
ammonia,  the  mlditiou  of  aiumoiiia  does  not  precipitate 
silicic  acid  alone,  but  the  silicalcd  oxido.  If,  on  the  con- 
trary, the  nnoriae  be  combined  with  an  alralinc  metiU,  for 
exampb-,  nith  sodiuiit.  the  M>lutiun  is  very  fili|:htl>  AU]»er- 
satiirated  with  carbonate  of  soda,  and  a  solution  of  oxide 
of  zinc  in  nmuioiiia  is  added  as  lung  as  it  produces  a 
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prectpltate.    Aller  Ihc  precipitate  is  all  thrown  down. 
sligtit  excess  of  the  »olutioa  of  oxide  of  zinc  in  nmmoiii 
is  added,  and  thi-  wbolc  is  then  evaporated  until  all  tin 
ammonia  is  expelled.     The  precipitated  silicate  of  nnc 
then  washed  with  water,  and  is  afterwards  deeoinpO!M*d 
nitric  acid.     When  thr  tip  composition  is  completed,  tli 
solution  is  evapuruled  to  dryness,  the  dry  mass  is  moisi 
enod  with  nitric  acid,  and  afleniards  treated  with  wai 
Ttie  silicic  acid  then  remains  undissolved.     It  in  fdt 
dried,  i^uiled,  and  weighed.^Hie  alcaline  ftolution  filt 
I'rom  the  silicate  of  rJuc,  is  slightly  evaporate),  ii]>on  whi 
the  fltioridc  of  sodiam  sbools  into  crystals.     The  so 
nntaiil    liquid    is    supersaturated    with    acetic  acid, 
nUst-H)  with  u]<:olio) ;  the  Kcparalt^l  Hiioridc  of  sodium  ii 
then  wiLshed  with  olcoho),  drietl,  i^uted,  and   wei^ 
From  the  weight  of  lhi>  re.stilting  fliioridK  of  so^liuio,  tlic^ 
operator  calculates  the  qiinnlily  of  the  fluorine. 
qnnntity  of  the  alcaline  metal  mast  now  be  calcalate^' 
fn>m  the  weight  of  the  fiilicic  acid  and  fluoride  of  sodism 
obtained,  since  it  is  impossible  to  cätiinate  it,  in  con-w- 
qiience  of  tite  addition  of  alcaii  as  a  rea^nt.     Y'ci  it  is 
pos.sibte  to  determine  the  quantity  uf  the  alcalini?  metal 
expcrimeiitiilly.  pn)vided  iUHidiirr  operation  \n:  pertitnned. 
A  diflerent  portion  of  the  solution  tor  anaJvsia  most  he 
c\'aporatcd  to  dryness,  and  the  drj'  fluoride  of  sllicium  ami 
metal  he  decomposed  by  sulphuric  acid.     The  quantity  «f 
the  metal  can  then  be  reckoned  from  the  wei^t  of  tbü 
sulphate. — If  the  solution,  instead  of  fluoride  of  sodimn, 
(xmtain.'i  fluiiridc  ofpotHssium,  the  d(Tom}H>sition  is  pffecipl 
by  a  solntimi  ofrarbonalc  of  potnsh  ;  in  other  respects  the 
operation  is  perfectly  similar  to  the  aborc. 

if  the  solution  contains  a  compound  of  Quoridr  of 
siliciuni  witli  the  fluoride  of  u  na-lal  whose  uvidu  if  ui 
earth  or  metallic  oxide,  and  not  an  alcaJi,  then  the  opcis- 
tor,  after  tlie  deconipositiim  by  carlMinati-  of  soda,  fiwl 
determines,  in  the  manner  alx>ve  describt-d,  the  quauliiy 
of  the  rcjfuUine  fluoride  of  sodium,  and  afterwards  decom- 
poses the  silicaled  oxide  by  an  acid,  and  determines  tbt 
respective  quantities  of  the  silicic  acid  and  the  oxide. 
SejuiratioH  of  t'luorUies  from  SilUata, — Compounds  con- 
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tainitiK  a  tnetallk:  niinriitc  in  comhiriutiiiii  »itb  iioe  or  more 
«ilicatcd  oxUieä.  which  arc  ii  dc-wrripUuii  of  compoiiiidd  that 
occur  in  uatarc,  can  be  decomposed,  in  quantitative  exa- 
tniiiutioiii;,  by  carbonate  of  Kucla.  If  the  compound  for 
analyüiN  be  ul'  .siicb  n  description  that  it  c^anmrt  be.  decom- 
poM-i\  by  murialir  acid  in  the  cold,  (ben,  Hc-rordin^'  m  ihe 
,  intttnidiinis  nf  Brk/eijue^  (Simiweicgrr'n  JaAr.  tier 
CKmür,  T.  XVI.  p.  4Üt!)>  it  i»  IwijE^atcd  and  dried,  and  a 
■welffhwl  quantity  of  it  is  mixed,  in  a  platinum  cruribi«*, 
with  four  timc-H  it»  wiü^'ht  of  carbuiiatt!  ofjiodn,  and  in  theo 
subjected  for  a  comtidenibte  lime  to  a  lull  red  heat.  A.Aer 
coolinp,  the  mass  i»  taken  from  the  cnicibic  and  softened 
with  water.  The  in^oluhie  matter  i«  «irparattnl  by  filtration 
and  wuNhed  with  water,  until  that  which  pu.>ML's  through 
the  Gller  nu  longer  act»  alcalinu  on  hUuuM  paper.  It  i» 
impossible  to  edulcorate  the  insoluble  matter  «»  cum- 
plelety,  that  a  few  dnips  of  the  iiul  fdtrred  water,  if 
wajioruted  lu  dryncjis  on  a  plalianm  spatula,  shall  leave 
no  residue.  The  filtered  solution,  which,  besides  fluorido 
of  sodium  and  the  excess  of  carixmale  of  siKia,  rtintainü 
tiaees  of  silicic  acid,  and  fven  of  alumina,  if  lbeconi|MJuii() 
contained  this  substance,  is  now  mixed  with  cnrlmnnte  of 
ommoniu.  A  slight  precipitate  is  then  produced,  the  quan- 
tity of  which  iü  commonly  jilightly  iucreascd  when  iho 
solution  is  evaporated  to  a  small  bullL.  The  precipitate  is 
collerteii  u{Km  the  smallest  possible  filter,  and  is  washed 
with  water.  In  the  iie&t  place,  Ihi^  [trecipitate,  a»  well  as 
tb«  .«ubstance  which  remained  undissolved  by  nater,  is 
ted  with  muriatic  acid,  which  efleets  an  ea.sy  and 
*ecl  drcum]M>.silinn.  When  ronccntrate<t  acid  is  cm- 
ployed,  the  silicic  acid  commooly  separatem  in  the  form  of 
a  jf^lly.  Tlu'  whole  is  thereuptm  evaimmtiMl  to  perfei^t 
(JrynesM ;  the  dry  nuis-s,  after  crMding,  is  moistcne«!  in  an 
aoiforui  manner,  a.s  bas  been  one»  rejieated,  wiib  muriatic 
arid.  After  some  time,  water  is  added,  and  the  silicic  acid, 
which  tbcQ  remains  undissolTed,  is  filtered,  wnshfxl,  dried, 
iiepiited,  and  woitriic«!.  The  solution,  fillerc-d  from  the  silicic 

I  acid,  now  contains  all  the  bases  which  were  contained  in 
the  substance  xubniitled  to  analysis,  and  all  di.ssolved  in 
rAKT  II.  .  z 
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muriatic  acid.    The  csüinaüon  of  these  hftse-s  is  titod 
by  prixressea  which  have  becD  already  de!M:ribcc(. 

The  qnantity  of  the  fluoride  of  sodium  in  tbc  alaliit 
Kolution,  which,  hcsidttH  this,  amtuins  ao  excess  aS 
nate  of  soda,  conld  l>e  detenuint^l  HcconJiiig  to  tbc 
which  huK  been  dciicribed  ai>ove,  uainely,  by  saiun: 
Solution  with  arctic  acid,  and  sepnratinf  the  acTttlc  d 
.soda  from  Ihc  flimridc  of  üodiuni,   hy   nii>un.s  of  alcoW 
\Vh«a,  however,  the  quantity  of  the  mctaliic  fluondeoir 
tained   in  ttie  cnni)M)utiil  HuhmiltiHl   U»  analysis,  is  W) 
small,  it  IK  Imtter  (a  niakf  ukc  of  another  proce^,  ii)iA 
has  likewise  beeu  givcQ  by  Berkklius  (äcHwm&em 
Jairbuek  der  Chemie,  T.  xvi.  |i.  437),     TIh;  olcaline  so^ 
(ioQ  ia  evaporate<l  to  a  suflicieutly  sniali  volume,  ui9 
then  cautiously  supersalurnttni  with  niiinatic  acid.  TUi 
operation  dare  be  performed  only  in  a  capsule  of  silver,* 
what   U  hcttrr,  of  pintinut»;   and  tlir   oiixtore  niisl  ^ 
Mtimx)  only  with  a  sjMitula  of  .silver  or  platintuii.   "Qt 
vessel  mtist  be  loosely  covered  with  filtorio^  paper,  ul 
allowed  to  rc]H>s«  for  twenty-fonr  hours,  without  wuninc 
the  solution;  in  (he  course  of  tliut  lint«,  the  cartwnic acri 
Is  wholly  driven  out  of  the  liquid.    That  thv  opcntori^ 
l)c  quite  Sjitisfird,  that  the  cartionic acid  iseDlin-ly  cspeU 
from  (he  acid  IJqiior,  he  may  place  the  veäst- 1  on  usisn 
whirl)  must,  however,  be  ruisrd  to  but   a   ver>*  modOBi 
heat.    Th«  temperature  dare  not  rise  alxivc  +^  F.  1^ 
solution,  still  remaining  in  thu  metallic  capsule,  is  dvR* 
upon  slightly  supcrsatu rated  »ith  cauKtic  anuuonia,  udil 
poured  into  a  ^^Ih^h  flask  which  can  bo  rlusud  air-li^t  viA 
a  cork.    A  solution  of  chloride  of  cttlctuui  is  then 
and  llie  niL<<k  is  immediately  closed.  The  precipitate  trbvi 
falls  down  i.s  fluoride  of  calcium.  'File  reason  that  the  at 
boDic  acid  id  first  carefully  expelled  from   tlie  solutus. 
and  that  the  presence  of  attnosphoric  air  is  soueht  lo 
avoided  after  the  addition  of  the  chloride  of  ealciiun.ii 
tliat  the  precipitatLHl  fluoride  of  caleium  would  utbrrvur 
|je  coafaiuiaated  by  cnrlMniate  of  lime.    When  the  flui 
of  calcium  lius  fully  subsidtxl,  the  xupt-riiatant  liqaocb 
poured  out  of  the  fla.ik;  tlic  opiTrutor  then  pours  on  ik* 
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precipitate  u  qiiuutity  of  nutu  Üiul  tiuM  brcn  pruvioiisly 
boiled  lu  Tree  it  from  air,  aiul  again  cluses  tbo  ilaak.  As 
tiooii  as  the  fluoride  of  calcium  ha.s  a^ain  .-subsided,  th« 
liquid  is  lilterod ;  Üiü  pr«eipitatc  U  Üiou  uu^lit-tl,  drii-d, 
ignited,  and  weighed.  From  tbe  weight  of  the  resulting 
fluoride  of  calcium»  the  quantity  of  the  lluorinc  in  the  roni' 
pound  is  calculated. — It  in  always  uecessjiry  to  esaiuinc 
vhether  the  i^tcd  lluorid«  of  caJciam  ho  pure  or  not.  It 
must  be  tuoiMcnc^l  \iith  water,  io  the  platinum  crnciblc, 
and  tJieti  treüted  with  muriatic  or  acetic  nciil ;  the  object 
of  thiti  IK,  to  ancertaii)  whether  carlHinic  acid  lie  \ttv*ent.  If 
H  stronp  i-lTcrvwM'cnte  in  observed,  tlie  tiuoride  of  calcium 
which  has  been  treated  mtli  tnuriatic  or  acetic  acid,  must 
bo  mixed  with  alcohol.  The  insoluble  matter  is  Ibca 
«^:ished  with  alcohol,  and  affain  dried,  i^ited,  aiul  wci(;)ied. 
By  proceeding  thus,  thu  operator  at  Icagtb  aucertain»  tlio 
Inie  quantity  nt'  lltiorine  in  the  compound. — Houielijues  tlie 
precipitated  fluoride  of  calcituu  can  contain  a  little  ttilicic 
ncid.  A  proof  of  the  ab.sence  of  silicic  acid  is  albmli-d, 
when  the  suspiTtcd  fluoride  i»f  calcium,  upon  beini:  moist- 
ened, after  ignition,  with  pure  hydrofluoric  arid,  doe.<i  not 
produce  tbe  lea.>«t  heat ;  for  the  Hnmllest  quajitity  orüilicic 
acid  pnnluce-s  heat  when  thu«  treated.  This  test  is  «riven 
by  ßeKy.Ri.uts  (Puf:(;RNi>ciRi'i''s  Annahm.  T.  r.  p.  3U). 
VThei)  iluor  tipur  in  tcMt«»!  ia  this  maimer,  for  ailicic  acid,  i1 
niusi  previously  he  pulveriittid. 

When  fluoride  of  calcium  is  precipitated  from  the  am- 
moniacal  solution  by  means  of  a  solution  of  chloride  of 
calcium,  tlie  precipitate  often  aKsumcM  the  form  of  a  jelly, 
which  is  Mi  tninspHrcnt,  ihikt  at  first  the  opf-rutor  imaKiue^ 
only  a  very  inconsiderable  precipitate  to  hare  been  pro- 
duced. Wlicii  looked  at  tlirou^b  the  irlatts,  it  has  an 
opaleKr4>nt  upiiearumx',  with  Komowbat  of  a  n^ddiüh  colour. 
Tbis  jelly  cannot  be  washed.  Itecausc  it  siupii  tlie  |iures  of 
the  pa|)4>r.  Its  production  takes  place  more  particularly, 
when  tlic  .solution  tu  vtlücb  the  chloride  of  calcium  id 
added,  cimtains  a  very  inconsiderable  excess  uf  amnioniii. 
A  greater  additiuti  of  ammonia  precipitates  Ibis  fluoride  of 
calcium  completely. 
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When  the  compound  iiubtnittod  to  analysUi  contauM 
great  qaantity  ofUmo,  or  rallier  whcti  it  cousütts  uf  ßaurüs 
combined  with  calciam,  it  is  not  possible  to  obtain  the 
entire  quantity  of  fluorine,  by  fusing  the  compound  niili 
carbonatv  of  soda.  It  appoant  as  if  carbonate  of  sod* 
could  not  effect  a  complete  decomposition  of  flaoride 
calcium. 

D}'  the  above  process,  however,  it  is  possible  to  decoiD> 
pose  those  compounds  only  which  do  not  contain  too  moi 
silicic  acid.  The  compounds  in  u-hich  (be  «licic  add 
the  silicates  in  eomhination  with  metallic  fluorides, 
tains  the  same  cpiantity  of  oxyften  as  the  bases  (ein  drit 
kie&ettiaurt-n  Basen),  or  even  twice  as  much  oxygen  u 
the  bases  (zwei  drittel  kieselsauren  Basen),  vast  bt*  cubh 
pleteiy  dvcianposed  by  carbonate  of  soda,  sinct;  tbrsc  sUi 
cates  are  insoluble  in  a  solution  of  carbonate  of  soda.  But 
when  the  silicate  ia  neutral,  that  is  to  nay,  when  the  silicic 
acid  contains  tbree  times  as  much  oxygen  am  the  \mt€ 
combined  with  it,  then  a  portion  of  the  silicic  acid  is  dis^ 
itolvcd  by  the  carixinated  iilruli ;  and  when  the  i^itcd 
mass  is  after^nrtls  treated  witli  water,  a  äotutinn  is  ob- 
tained which  contains  not  only  fluoride  of  soiliuin  aai 
carbonate  of  soda,  but  also  silicate  of  NO<ia ;  while 
undissolved  matter  consists  of  the  bases  in  combi 
with  the  greater  part  of  the  silicic  acid.  To  precipitate  tlic 
silicic  acid  from  tlie  dis.so1vrd  silicate  of  soda,  a  solotion 
of  carbonate  of  zinc  in  nmmonia  must  be  added  to  ike 
solution.  The  silicic  acid  is  thereby  thrown  down  as  sQi"' 
catc  of  zinc.  The  estimation  of  Ihn  bases  now  becoaM: 
more  dißicult,  im  ac(x>»nt  of  the  nei^essity  for  sepamtiilf 
the  oxide  ufziuc.  It  is  possible,  however,  l4>  analyse  sepa- 
rately the  silicate-d  bases  which  remain  nndiKsoIved  wbco 
the  ignited  mass  is  treated  with  water,  and  aftrrwards  to 
estimate  the  silicic  acid  contained  in  the  silicate  of  liiM', 
by  a  separate  decomposition  by  nitric  acid.  This  sinptiftr* 
the  analysis. 

Of  the  compounds  which  occur  in  nature,  containing 
Imlh  silicaled  oxides  and  metalUc  fluorides,  and  which  air 
indecomposable  by  muriatic  acid,  that  which  contains  tk- 
f^reatest  ijuantity  of  fluorine  is  tliti  topas.     Much  smaller 
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qaantitirji  of  Ihi»  clrmcnt  arc  itontiiinrd  in  Uic  micas,  tbc 
aniptiibulcs,  aud  iu  »ouic  varii-ücä  of'äcapolite. 

When  a  compoiinil  containinf;  st  i^ilicati-'d  uxidu  willi  11 
laetallic  fluoride,  can  be  vcrj-  esaUy  decomposed  by  muri- 
atic acid,  the  decomposition  of  the  compotind  by  this  acid 
rau»t  br  rffpctcd  in  tlio  ('old.  Tlio  Hlightcst  application  of 
cxtcnial  iK^nt  taunt  be  carefully  iivuidiMl,  because  it  can 
lead  to  tbc  production  and  voIatilizatioD  of  fluoride  of  sUi- 
cium.  Jf  the  solution,  produc<-d  by  the  decomposition  of 
the  compfiund  by  muriatic  acid,  be  evaporated  to  dryness, 
the  subsequent  aaaly.sis  commonly  aflurds  no  sigiis  of 
fluorine,  the  reason  of  »lucb  is,  that  the  whole  of  the 
fluorine  is  driven  away,  in  the  stato  of  fluosilicic  gad, 
(luring  ibo  evaporation  of  the  solution.  la  consequenco  of 
this  circumstance,  it  has  very  frequently  happened,  that 
the  presence  of  a  stniill  quiintily  of  a  Huoridc  in  minerals, 
a»,  for  example,  iu  a]Ktpby)lite,  has  been  quite  overlooked 
in  analyses. 

When  the  quantity  of  the  metallic  fluoride  contained  in 
the  compound  for  analysis,  is  not  very  considerable,  which 
is  always  the  case  with  the  compounds  of  this  dcj«cription 
which  occur  in  nature,  the  compound  is  decomposed  in  tho 
cold  by  muriatic  acid,  in  a  platinum  vesacl,  and  the  silicic 
acid  which  remains  undissolved  is  first  separated.  If  tbo 
conipound  contains  neither  alumina  nor  peroxide  of  iron, 
nor  indeed  any  basic  constituent  which  ran  be  prertpilaled 
liy  ammonia,  but  has  no  oilier  base  than  lime,  the  solution 
is  then  treated  with  ammonia,  which  predpitates  a  com- 
pound of  lliioridc  of  cjilriiim  with  silicate  of  time.  This 
comiKiund  is  washed,  dried,  ipnitcd,  and  weighed:  it  con- 
tains three  atoms  of  fluoride  of  calcium  with  one  atom  of 
silicate  of  lime,  in  which  the  oxyin'n  of  the  acid  is  twice 
as  much  as  the  oxygen  of  the  base  (zwei  drittel  luescl- 
aaure  Kaikerde).  Brrkblius  obtained  this  compound 
by  the  above  process,  in  his  analysis  of  the  Apophyl- 
lite.  It  %vus  considered  by  chemists  who  had  previously 
analysed  that  mineral,  to  be  alumina. — If,  however,  tbc 
cnni]Mmnd  contains  other  constituents  which  can  be  prc- 
cipitutrd  by  nmmfmia,  tlic  solution  .separated  from  tbc 
silicic  ucid  must  be  su [unsaturated  by  a  solution  of  carbo- 
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nale  of  50<la,  «ml  thiTfwiOi  be  dijrestöl  w  boiled.  FlnoridM 
of  Hodttini  and  rarbimatc  of  soda  Ihen  remain  in  solutioiltJ 
while  the  other  constiliients  of  the  compouitd  am  ^ncrally 
procipitatrd.     Hie  qunnlily  of  the  fluorioc  is  theo  detail 
iiiineil  ill  tin-  in:uini>r  di-scribed  above.  | 

SejynntioH  of  FlwiriHe*  from  Pkospkata. — The  fiaoridrs 
which  occur  in  nature  nrr  very  nftrn  found  in  combinatiua  j 
with  phosphates.  Indeed,  phosphoric  arid  so  fcenerallf  j 
occnrsin  the  flt)nridv.s,  that,  M-hen  duoritiehns  been  dotvctvdJ 
in  a  native  couipouiid,  the  oiwratur  must  never  neglect  tol 
examine  the  compound  for  phosphoric  acid,  nor,  wlim  I 
phosphoric  acid  has  been  dctectc<l,  to  oxutninc  it  üttj 
fluorine.  In  some  of  the  fluorides  which  occur  in  nattirPr  j 
and  which  have  been  coi«idered  to  ho  very  pnre,  Bbrxk-I 
MIS  ha«  discovered  small  quantities  of  phosphoric  add.] 
This  is,  for  example,  the  case  with  fluor  spar  (PobcihuI 
DORPP'»  Ann.  T.  i.  p.  37).  On  the  other  hand,  smaftl 
(|uantilie.s  of  metallic  fluorides  have  l>ccn  fouiHl  in  tibsl 
phosphates ;  a^,  for  example,  in  Wnvrllite  and  in  boaas.    | 

The  methods  of  separating  phosphoric  acid  from  tlMi 
fliioridejt  depend  upon  the  nature  of  the  other  ronstitneotn 
in  (ho  ciimpound.  If  a  compound  is  indecoiupu>iBb]e  \tf\ 
acifiA,  and  coiitiiins  a  vory  Kntnll  qunntily  of  fluorine  audi 
phosphoric  acid,  and  a  very  cinjsiilerablc  c)unntity  of  »D»-l 
catcd  oxides,  it  iw  ifpiited  with  cjirbnnate  of  soda,  and  the] 
jailed  mass  is  then  treated!  with  water,  in  the  maBoer] 
which  has  been  dejtcnhed  above.  The  alcaline  .«otntiinvi 
filtered  from  the  insoluble  mutter,  contains  flnoridr  nfj 
sodium,  phosphate  of  ^tMla,  and  rarhomitn  of  sttdu.  Tfa«] 
ni«th<Kl  of  examining  this  solution  is  similar  to  that  whicM 
basjnst  been  described,  at  paj^e^ä.  The  eolation  isititj 
dcrpd  ammoniacal.  and  is  mixed,  in  a  gbiits  fljuk.  which  raOfl 
be  closed  air-ti^'^ht,  with  a  solution  of  chloride  of  calduKl 
A  precipitate  is  then  obtained,  which  consists  of  phasphiin 
of  lime  and  fluoride  of  calcium.  This  is  wnsheil.  drie^l 
ignited  in  a  |)iatinum  crucible,  and  then  weighwl.  The  berf" 
methotl  of  quantitatively  separating  the  two  compouBiU  i« 
that  which  \\ns  Iwen  ^ven  by  Bkrzelii's  (Gri.HKtT':» 
Ann.  der  Phy.sik,  T  lxxiv.  p.  143).  While  the  roiitiirr 
is  still  ill  the  platinum  cnicible  in  which  it  whs  i^rnitrd  sod 
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«cinfhpfl,  il  M  trratrd  with  concinitmlcti  «ulphiiric  arid.  If 
thU  produce»  no  cil'crvcdccucc  la  the  uuld,  ihc  mixture  is 
firee  from  silicic  acid  and  from  carbonate  of  Ume.  The 
cnicible  in  tht^n  iical*?d,  until  all  th«  fluorine  is  expelled  in 
the  jtlate  of  hydruniioric  acid  t^as.  A  small  ^lasK  plate  Is 
held  from  time  to  timv  over  Iho  cnicibli^  and  wbcji  it  is  no 
longer  atliirknd  by  the  %H|Kinr»  M'hicii  arise,  it  itt  a  itign  that 
the  fluorine  ba«  beca  entirely  driven  aM'ay.  The  ncid  mass 
nbieh  remains)  1>ehind  is  then  treated  with  a  lar^o  quantity 
of  water,  which  dissolves  the  oxcesx  of  itulphoric  acid,  and 
the  sulphate  of  Ume  resulting  from  the  dcrompoftition  of 
the  fluoride  of  cjücium;  while  the  pho.ij>hate  of  lime  rcmaind 
VHlissolved.  The  solution  is  saturated  with  ammonia,  and 
Ae  lime  Ls  precipitated  by  oxalate  of  ammonia.  The  cesiilt- 
ki^  oxalate  of  Ume  i»  ronvprted,  by  the  proceHi«  destrilied 
■t  pa^  17,  info  carbonate  of  lime,  which  is  to  be  weighed. 
From  this  weight,  the  quantity  of  iho  fluoride  of  calcium  is 
calculated. — ^Thc  operator  then  detcimincs  the  weight  of 
the  undissolved  phuaphatc  of  Ume,  and  alterwards  submits 
it  (o  the  operation  descril>ed  at  p'Age  263,  for  the  imrpouo 
ofaHCcrtaining  itji  quantity  nf  plmsphiiric  acid. 

When  a  compound  of  tlii»  dcäcription  cau  be  decom- 
posed by  muriatic  acid,  the  decomposition  must  be  thus 
effected,  in  a  platinum  ve.s.-ie),  ami  in  thv  cold ;  (he  precipi- 
tated silicic  acid  niuüt  llien  be  separated  by  üllration.  If 
the  solution  contains  neither  alumina,  peroxide  of  iron,  nor 
any  other  tmsic  constilnciit  capable  of  pn-ripitatiun  by 
anuuimiu,  but  merely  lime  a»  the  base,  then  upon  Iwiiip 
treated  with  ammonia,  it  yields  a  precipitate  comiLHting  of 
(Inoride  of  calrinm.  .silirate  of  lime,  anil  phosphate  of  lime. 
The  weighed  precipitate  i.t  treated  with  sulphuric  acid,  in 
a.  platinum  crucible,  and  is  heated  to  expel  the  lluosiliric 
'  tniif*  Tlic  mass  is  thercupoa  treated  with  water,  which 
'  dissolves  the  c\ccsb  of  sulphuric  acid  and  the  resulting 
'  Kulpliatu  of  lime,  llie  lime  is  then  precipitated  and  vNli- 
<  mated  in  the  manner  described  al)ove.  From  the  weight 
obtained,  the  operator  cnlculutcs  how  mnrh  fluoride  of 
h  calriam  and  Nilirate  nf  lime  were  contained  in  the  precipi- 
1  late  thrown  down  by  ammonia.  The  relative  proportions 
1  of  tfacAC  two  compounds  in  the  precipitate  have  been  stated 
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above.  TIio  quantity  of  the  phosphoric  acid  «xJstiiie  • 
tfae  undissolved  phospbate  of  iiiue  has  also  to  be  e«t>- 
iiiatod. 

By  this  process,  however,  only  those  conipoaixb  cm  Is 
esiunincd  which  contain  liut  a  very  small  i|uantJty  oSftöt 
phoric  acid  and  DuoriQc,  and  both  of  these  snheittMtt 
merely  as  accidrntnl  inpvdicnts.  When  the  C|uanttt5  d* 
the  phosphoric  ucid  is  more  consider» III p,  i(  is  imposailk 
t»  prn-ipiliLtc  most  buse»  from  tt.s  soluticin  by  Ciuiwiiateaf 
sodit,  ill  such  a  umutier  tli»l  they  shall  coutaiii  do  imr 
phosphuric  acid.  In  this  case,  the  compound  must  tt 
ignited  mth  cnrbouate  of  iRida. 

Tkiü  method  of  analysi»:  must  also  be  employed  «Im 
the  compound  contains  no  silicic  arid.  But  if  ahUBubf 
anione  tlic  constituents,  as  it  is  in  Wavelliic,  tbe  conpMd 
must  be  ignited  with  carbonate  of  sotla  and  irilicic  acjil,a 
the  manner  which  has  been  described  at  page  356.  Vjm 
treatinjf  the  i^ilcd  mass  with  uuler,  a  solution  i^otitaiiri 
holding  carbonate  of  soda,  tluoride  of  sodium,  and  {fa» 
phate  of  soda.  The  respective  quantities  of  the  Anaw 
and  phosphoric  acid  are  then  to  be  estimated  by  the  iiMthrii 
already  described. 

Sfjxiratim»  of  Fhmvict  from  Svlph/itfis. — Some  of  tk 
iluorides,  fluorspar,  for  example,  occur  in  nature,  inco» 
hlnation  with  sulphates.  When  tbe  sulphate  is  Hatj 
spar,  it  is  only  ui-(  i-».stir>'  lo  treat  the  .sub»1iiiice,  in  a  plati- 
iiiim  ves-sel.  with  muriatic  acid;  Ihereupim,  the  tluorsfn 
dissolves  in  the  diluted  solntiou,  while  the  heavy  sptf 
remains  unilissolved,  and,  afler  dilution,  can  be  coOiMti 
and  weij^hed.  Tlic  solution  of  fluor  spar  in  muriatic  adi 
can  be  mixt^d  with  sulphuric  acid,  and  eva]>uratcd  to4f*> 
ness.  Sulphate  uf  lime  is  then  obtained,  and  can  he  wetghd 
The  quantity  of  the  fluor  spar  is  calculated. — If  the  «ll- 
phates  diiisolve  with  tbe  fluorides  in  muriatic  acid  ut 
water,  the  diluted  acid  solution  is  mixed,  in  a  platinn 
vessel,  with  a  solution  of  chloride  of  buriirai.  The  propor^ 
tioD  of  the  jiulphuric  acid  can  then  be  readily  aMUrrtabai 
The  bases  arc  estimated  by  anotJier  cxperimeui,  in  «Urt 
a  quantity  of  the  compound  is  treated  with  sulphuric  acid, 
and  the  whole  uf  the  bases  are  converted  into  sul|>hatn- 
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Pn^i pita  lion  of  atorine  hy  Nitrate  of  Silver. — Tbe(|uaJl- 
titativc  oKtimatiun  nf  chlorine  when  combined  with  metal» 
or  hydrogen,  is  effected  an  foilowd:  Tbc  compound  in  dit*- 
solved  iiiwater,  if  sohibliMliert'in,  and  tbc solution  is tnixiul 
with  a  soliilion  of  iiitmte  of  silver.  Tlii-s  prodaccs  a  pre- 
cipitate ofchloridu  of  «ilver,  from  Iho  wi-i(rht  of  wliich,  tJia 
qaanlity  of  the  chlorine  is  calculated.  The  precautiouary 
nirjUitirr«  which  arc  necessarj'  to  be  employed  in  Ihe  quan- 
titative analyuin  of  chlorine,  and  parlicutariy  in  the  fuKion 
of  tlie  chloride  of  silver,  have  been  luUy  detailed  at  p.  115. 

It  ii  proper,  and  in  a  ßreat  numlicr  of  chüp))  iibsoliitely 
ncce»»tiry,  to  add  a  small  quantity  of  arid  to  the  water  in 
which  the  chloride  i.t  dissolved,  before  pouring  in  the  Isola- 
tion of  oxido  of  silver.  Diluted  nitric  acid  is  cäcnmoidy 
employed  tor  this  purpose-  The  use  of  this  acid  caa 
produce  no  had  consequences,  if  the  solution  of  the  chlo- 
ride be  pretty  dilute,  and  the  nitric  acid  not  very  concen- 
trated. 

Whi-n  the  chlorine  contained  in  a  soluble  chloride  has 
been  precipitated  by  a  «olution  of  »Iver,  in  the  xtnte  of 
chloride  of  silver,  the  nevt  (»iienition  in  to  eslimate  the 
quantity  <»t  thp  metal  which  was  pre\iuuKly  in  combination 
with  tbe  chlorine,  and  which  now  exists  in  the  fdtered 
solution  in  the  state  of  nitrate  of  oxide.  Tin»  estimation 
ia  performed  acrt>rding  to  methods  which  have  been  rir- 
camstnntially  described  in  the  foreiroiDg  sections.  Defore, 
however,  tlie  metallic  oxides  can  be  Keparated,  it  («neees- 
itary,  in  most  rn5eK,  to  pr»-ipitate  the  excess  of  oxide  of 
silvor  from  tW  solution.  Tliis  is  done  by  adding  muriatic 
acid  to  the  liquor  filtered  from  tbe  chloride  of  silver.  The 
solution  15  iH'pnrated  by  the  filter  fnim  thin  new  portion  of 
chloride  of  ulvcr,  and  the  metallic  oxides  can  then  be 
eatimatcd. 

Ana{ysut  of  Volatile  Ckloridta :  Separation  fn»H  Phtm- 
pfu/nu,  SulphtiT,  SefemmHf  Arsemr,  Chromium,  Tila«iitmf 
Aviifiumy,  Tin,^e. — When  very  volatile  chlorides,  as,  for 
example,  the  compouiuhi  of  chlorine  with  pbosphorus. 
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sulphur,  Hclouiuin,  arscttir,  (-Jiromiutn,  titaiiium,  anlinaa), 
ÜD,  &c.  are  to  be  analysed,  they  mast  likewise  be  diseolirrf 
in  water.  Most  of  these,  even  when  they  arc  decompoitd 
by  water,  disnulTC  in  it,  and  g;ivc  a  clear  solution.  A  fef 
of  tbcm  only,  as,  for  example,  tb«  compound«  of  cUmm 
with  Nulpbur  and  .selenium,  ntTord  a  deposite  when  (mtal 
with  water,  wliicb  in  llipse  raxes  is  sulphur  or  ■*^»»" 
WbcQi-ver  these  Tolatllc  compoiindN  dissolve  completely  it 
water,  even  tbuugb  it  be  in  consequence  of  decotnpuatRiib 
the  operator  treats  the  solution  exactly  in  the  »ante  aa> 
n«r  as  the  soltiiion  of  chlorides  which  dissolve  in  «ilK 
without  dfcou) position.  The  sotution  is  commnniy  wati 
with  a  little  nitrtc  acid,  and  ttie  chlorine  is  pFe<-ipitaiedb| 
a  HolntioD  of  nitrate  of  silver.  The  solution  i^  fiUod; 
the  excca«  of  oxide  of  »iWer  is  precipitated  by  uunalic 
acid ;  the  solution  is  again  hltered,  and  the  sobstlMt 
urhic'h  was  combined  with  chlorine  in  the  compound  aW 
milted  to  HUalyHix,  can  tJitn  lie  e.Htiiuatc<l. — It  is  ntceisuf, 
however,  if  we  desire  to  prevent  to^ucä,  to  take  notioi  tl 
the  difficulties  which  attend,  iK>t  oidy  Üie  wi-i^bJntruf  thM 
extremely  volatile  metallic  clilurido.s,  but  also  ihcir  mism 
with  water.  As  the  volatile  chlorides  quickly  cvapmut 
in  the  open  air,  it  is  necessary,  in  the  first  pluce^  to  wa^ 
them  out  of  cxiutact  with  the  atmosphere.  Particilu 
caution  must  also  lie  ob»crvcd  in  ttie  mixing  of  these  cd»- 
pounds  with  water,  because,  in  almost  all  caaes,  a  gnil 
deal  of  heat  is  disengaged ;  iu  eon^ieijuenco  of  wtdck»  ■ 
considerable  proportion  of  the  resulting  muriatic  aeidcu 
t)e  easily  volatilized.  A  plan  must  be  adupted,  tlietdiBii 
by  which  these  compounds  may  be  wei};bcd  and  miifrf 
nitfa  water  without  loss,  llic  best  way  to  proceed  if 
as  follows :  A  small  plass  bulb  with  a  lon^  neck  is  Uowo 
of  pretty  thin  plass.  Tlie  neck  must  be  terminated  Irr  ■ 
long  and  very  fuir  point.  When  the  ^'lass  bulb  has  hen 
neijcluxl,  it  Ls  exposed  to  the  sLronKest  heat  that  the  iUb 
glass  can  support  without  softening.  As  soon  a»  the  lit 
baa  been  thus  expelled  from  its  interior,  the  fine  {Knnt  M 
necJt  is  plunged  into  the  volatile  chloride  which  is  to  bt 
analyse«];  whereupon,  in  pniportion  as  the  glass  ceoh. 
(he  volatile  chluridc  ascends  into  the  bulb.     When  ibe 
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glaiB  is  full  itf  the*  rompnimd,  the  fine-  point  i»  rnrrfiilly 
dfied,  and  the  weight  of  (be  whole  is  dclcrmincd.  The 
np«^mt»r  (hn.s  leams  the  qnantity  **(  the  rotn|H)und  em- 
(JojihI  in  the  ex[icrinn'nt-  The  pi)iut  «f  thi-  «las-i  hath 
must  Im>  made  so  fine  that  noibinf;  can  escape  ia  vapuur 
during  the  operation  of  veighini;.  The  operator  then 
pinccji  the  glmä  bulb  with  some  water,  in  a  fla^k  which 
can  be  closed  air-tight  by  n  glass  stopple.  After  closing 
the  flask,  he.shake:t  it  nntll  the  plass  hiilb  i.t  bmken.  The 
chloride  tlu-a  niixct  «rich  the  wuitrr,  under  ciiTumntanrrs 
in  which  tlic  Icikn  of'tlii.^  leaitl  portion  of  tbe  eliloridc  or  of 
the  re^-nltin^  muriatic  uci(l,iä  impussiblc.  When  the  solu- 
tion is  cold,  it  is  carefully  poured  out  of  iho  fla»k,  so  as  to 
leave  the  rra)rments  of  ^Inss  behind ;  and  the  Iragmeots 
and  the  flask  arc  carefully  washed  with  water. 

Most  of  these  volatile  rhioridi;»  an':  drcompusfd  hy 
water  in  sanh  a  manner,  that  the  hydro^n  of  the  water 
pmdiicei«  murinttr  acid  with  the  rhloriiie,  while  the  oxygen 
of  the  water,  by  oxidiüing  Uiu  body  which  wax  previously 
in  cmnbinatian  with  tbe  chlorine,  ^vcs  origin,  in  mo«t 
cases,  to  another  acid.  Tliis  is  imnicdialrly  dissolved, 
either  by  the  water  or  titc  resulting  uiurialic  acid.  When 
the  operator  knows  how  much  oxygen  is  contained  in  the 
oxide  prndiicrd  hy  this  px|>rrimpnl,  it  is  a  very  ea^y  matter 
to  n:i:k(iQ  tile  iriim|Hi.siiic>u  (if  ttic  chloriile.  itut  when  he  is 
not  acquainted  with  tbe  quantity  of  oxyieen,  it  is  neces- 
sary to  estimate  that  of  the  muriatic  acid,  by  precipitatinie: 
it  art  chloride  of  silver  by  a  solution  of  o\ido  of  silver. 
From  tbe  »cijErht  of  this  precipitate  it  is  easy  (o  calculate, 
not  only  the  quantity  of  the  substance  which  was  in  ctun- 
bimitinn  witli  tliv  clilurinc,  and  wbich  quaiitity  is  inferred 
from  the  loss,  but  also  the  stale  of  oxidation  of  tbe  oxide 
pHKliiccd;  for,  the  wei)cht»f  the  chloride  of  silver  tndiratcs 
both  the  composition  of  the  oriinnal  chbiridp,  nnd  the 
quantity  of  water  which  would  be  required  to  de(:unip«.«e 
iL  ilcQce  the  weight  of  the  oxyecn  can  Im:  infrTTcfl  with 
eaac.  In  oilier  wonts,  the  bwly  which  wa;*  combintd  with 
the  chlorine  takes  up  a  quantity  of  oxygen  equivalent  to 
the  hydn^cn  which  produces  muriatic  acid  by  combining 
with  the  chlorine;  hence-,  it  must  follow,  that  the  quantity 
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of  oxfgen  in  the  resuttmg  oxide  must  bear  the  same  rela- 
tion to  the  quantity  of  chlorine  found  by  cxjicrinicnt,  that 
one  atom  of  oxygen  bears  to  a  double  atom  of  chlorint. 

The  course  of  anulysiM  described  uborc  is  adapted  lo 
the  examin&tiOD  of  most  of  the  chlorides  which  are  solnhle 
in  WHicr.  In  üomu  cases,  how(!ver,  the  counu^  nf  analysu 
must  be  different.  Tli«  uiethadx  of  examiuatiou  proper 
to  be  employed  in  various  cases,  shall  be  successively 
treated  of. 

Septtratwn.  from  Phosphorvf,  Stlenium,  Arsenie,  #*. — !■ 
thv  analysis  of  a  variety  of  the  chlorides  vblch  arc  soluble 
in  water,  it  is  absolutely  necessary  to  separate,  or  qiuo- 
titatively  estimate,  the  resulting  oxide  or  oxygen  acU. 
hefore  any  attempt  is  made  to  precipitate  the  cbloriike  fioot 
the  solution,  by  means  of  the  solution  of  silver.  Tliitt  i» 
the  case  \vith  several  of  the  coni]H>unds  which  are  fonnpd 
by  chlorine  with  powerful  cIcclro-negatiTo  elements.  Whai 
these  are  converted  by  water  into  oxides  or  oxygen  arid«, 
it  is  often  the  case,  that  when  un  excess  of  the  solution  nf 
uxidc  of  sitrcr  is  added  to  tlie  acid  solution,  Ibi-  re^ultioj: 
precipitate  not  only  cuatains  ehloiidv  of  silver,  but  a  com- 
pound of  oxide  of  silver  with  llie  new  oxide  or  oxyi^Ri 
acid.  The  compounds  which  thus  precipitate  with  the 
chloride  of  silver,  are  sometimes  dissolved  with  great  diffi- 
culty, sometimes  with  great  ease,  by  free  nitric  acid.  Wbn 
the  two  chlorides  of  phosphorus,  the  chloride  of  selenium 
which  is  equivalent  to  tlic  selenions  acid,  tbc  chlorides  of 
arsenic,  jfcc.  are  decomposed  by  water,  it  is  only  necessary 
to  add  to  tbc  acid  solution,  either  after,  or,  what  is  better, 
before,  the  addition  of  the  solution  of  oxide  «if  silver,  t 
sufficient  quantity  of  nitric  acid,  to  prevent  completely  the 
contamination  of  the  precipitated  chloride  of  silver,  by 
pbotipbate,  sclcnite,  arsenite,  and  arseniate  of  oxide  of 
silver.  Even  in  the  solution  of  the  liquid  chloride  tif 
pbiiHpbonis,  which  is  equivalent  in  composition  u>  the 
phuspluiroiiK  acid,  it  is  suQicient  to  have  add<-tl  a  sufiicieni 
quantity  of  Ircc  nitric  acid,  previous  to  the  addition  oftk 
nitrate  oi'  silver,  to  prevent  entirt'ly  tlie  reduction  of  the 
oxide  of  silver  by  the  resulting  pbuspbomus  acid. 

Separation  from  Tin.  —In  the  exauiinaliuu  of  the  ram- 
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pouDd»  of  chlnrine  frith  titanium,  tin,  and  anttmany,  it  i« 
necexsary  tt>  n|)cratr  in  Hiiothcr  munncr.  It'  a  sululion  üI' 
oxide  ol' silver  be  added  tu  a  »ulutioo  of  perchloride  of  tin 
or  perchloride  of  titanium  in  wat«r,  Uk  precipitate  wbirh 
18  produced,  notonly  contains  chloride  of  silver,  but  a  com* 
pound  of  oxide  of  silver  with  iK>roxide  of  tin  or  titanic 
acid.  This  is  the  cnxc,  even  when  the  solution  has  been 
acidulated  by  nitric  arid;  ami  from  (beau  extraneous 
bodies,  the  chloride  of  silver  caniiot  be  well  freed  by  the 
sole  action  uf  nitric  acid. — In  cuuscquc-nce  of  thiii  beha- 
Tiour,  it  is  necessary  to  pass  throui^h  the  solution  of 
perchloride  of  tin.  a  current  o(  sulphnirllrd  bydroern 
pi»,  which  precipitates  the  peroxide  of  (in  an  aalphurct 
of  tin.  But  the  suJpharct  of  tin  which  i»  equivalent  to  tb« 
ppffixiclfl  of  tin  is  slowly  precipitaled  by  sulphuretted 
hydrot^eu  ga.<t,  and  rvquirete  for  it!<  perfect  separaliuu,  the 
exposure  of  the  »oluüon  to  digestion,  by  wliich  a  slight 
quantity  of  muriatic  acid  can  easily  bo  volatilized.  It  is, 
thercfuns  indi.s|>cnAablc  to  effect  the  precipitation  and 
diffc-^tion  in  a  Hnsk  which  can  lie  corked,  the  wfaolo  is 
altoueil  10  re|)ox«  for  a  conxidcruble  lime,  and  when  tlie 
.sulphurel  of  till  has  completely  sultsided,  it  is  Hltered, 
and  quantitatively  estimated  in  the  manner  dtracrilxHl  at 
pago  ItiS.  In  the  Solution  dticrcd  from  the  sulpburet  of 
tin,  the  whole  of  the  chlonne  is  to  be  found.  But,  as  the 
solution  still  contains  traces  of  sulphuretted  hydrogen,  it 
must,  in  The  first  place,  bo  freed  from  that  reagent ;  because 
the  addition  of  the  solution  of  nitrate  of  «Iver  would  other- 
wise precipitate  both  chloride  and  sulphurel  of  silver.  To 
tliis  end,  the  .solution  filtered  fn>m  the  tiulphurel  of  tin  is 
mixed  with  a  solution  of  sulphate  of  deutoxide  of  copgier. 
The  sulphuretted  hydrogen  is  thereby  di-stniyed.  und  sul- 
pburet of  roppiT  is  prrcipitnteil.  This  is  srpunitcd  by 
filtration,  and  the  solution  is  then  acted  on  by  a  solution 

I  of  nitrate  of  silver.  Fnim  tht>  weight  uf  the  preciptlateil 
chloride  of  silver,  Ibe  operator  calculates  the  quuntity  of 
chlorine  contained  in  tlic  chloride  submitted  to  analysis. 
Stparatwit  from  Titanium, — Tlie  solution  of  Ute  perchlo- 
lide  of  titanium  in  water  \&  somewhat  milky.  The  milki- 
oau  is  owinj;  to  the  presence  of  a  little  titanic  acid,  which. 
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is  Miparated  in  consoqacncc  of  the  heat  producod  bf  At 
mixtare  of  tbe  perchloride  of  titaniain  with  water.  The 
first  titep  in  the  aiinlysLs  is  to  priK:i|ntHte  the>  titanic  acid 
by  amiDonia.  An  vxcesH  of  the  pivcipitant  is  to  be 
avoided.  Tbe  i|:ta^  is  then  placed  in  a  modfmtcly  wuia 
»ituutiim,  uiitil  tlic  tiolutioo  no  long'Cr  smells  of  iutnuoua. 
Tbe  titanic  add  i»  then  filtered.  The  solation  tiltoed 
from  tbe  titanic  acid  is  Hcidiilatcd  by  nitric  actd,  and 
nuxvd  with  a  sulutinn  of  nilrate  of  silver,  to  precipitau 
the  chlorine  u.^  chloride  of  silver. 

Separation  from  Antimon)/. — When  the  volatile  pcrcfalo- 
ride  of  antimony,  which  is  cqaivalent  to  antitnonic  acid,  u 
to  be  nnalytted,  then  the  water  by  whirh  the  chloride  m  ti/ 
be  decomposed,  must  be  previously  mixed  with  sock  s 
quantity  of  tartaric  acid,  that  the  solution  prudnced  by  tW 
decomposition  »hull  n;iuain  clear.  The  lir^t  thing  to  da 
then,  IK  to  precipitate  tbe  antimonic  acid,  in  the  state  v( 
sulphurct  of  anlinioiiy.by  a  curretit  of  uulpliurcttcd  hydfo- 
gvn  pi8.  Tliia  precipitate  iti  afterwards  examined  in  Uw 
manner  dewrihcd  at  page  17fi,  The  solutjiiii  filtered  fmn 
ihc  sulphuret  of  antimony,  is  mixed  with  a  »mall  quantity 
of  a  solution  of  sulphate  of  deutoxide  of  copper.  By 
this  means,  the  la.st  traces  of  solphoretled  hydnvcn  uti 
remored.  Tbe  solation  tiltcred  troui  the  Kulphurct  rfi 
copper,  is  acted  on  by  nitrato  of  silver,  tu  sepuntc  tk 
chlorine. — The  chloride  of  antimony  which  is  equivalent  t»l 
the  protoxide  of  antimony,  or  the  soluliun  of  that  cfaloridi 
in  mnriattc  af»d  (Butyrum  AiüimanüJ,  \a  uiwlysed  in  tk 
same  manner.  In  tbe  examination  oftbh;  compotud,  lea 
care  is  required  to  prevnul  a  Iocs  during  Its  decompOfititB 
by  water.  The  operation  of  weiffhing  and  disjwlrin^  it  in 
water  may  he  performed  in  the  ordinary  manner,  and  thoK 
precautionar)'  measures  s**  necr^-i.sary  to  be  obsrn'ed  in 
treating  the  volatile  chlorides,  may  here  bo  neglected. 

Separation  from  .Selenium, — Some  of  the  volatile  cblotidoi 
do  Dot  dissolve  completely  when  decomposed  by  «atrr 
This  is  the  ca.sc  with  the  chloride  of  sulphur,  and  with  ilw 
liquid  chloride  of  selenium.  When  these  arc  det'ompuKrd 
by  wuter,  they  deposite  a  portion  of  sulphur  or  seleniiiiB- 
Au«1ht-r  portion  of  the  sulphur  or  selenium  produces  atl- 


ANALYSIM  OV  IN80LUBLR  VllLURinR S.  95R 

phnrons  or  selenions  acid.  In  tbe  aaalyfuis  of  tbe  liquid 
chloride  of  seleniutn.  tbe  pret-ipitatcd  sdenium  muM  lie 
permitted  to  diiicst  fi>r  .sdtni;  time:,  n»  it  am  nthrrwisc 
Tctuin  u  portion  of  chlurinc.  It  muM  then  Uc  lUtrrcd  on  a 
wciefacd  lilter,  and  n-eif^hcd.  The  solution  filtered  from  the 
8«l«niutn  conlaiiiM  inuriiitic  acid  and  NdeniouH  arid.  Tbe 
muriatic  acid  is  prucipitutcd  bjr  a  sidutioo  of  oitratv  of 
8ilvcr,  and  the  excess  of  oxide  of  silver  is  separated  by 
lauriatir  acid.  The  srlcniou.-*  acid  Ls  then  precipitatwl  by 
a  solution  of  sulphurous  add,  in  tbe  manner  described  ut 

S^trntion  from  SulpfinT. — In  the  dMi^oinpotiitioQ  of  tbe 
chlorid«  of  sulphur  by  water,  great  rare  must  be  taken  to 
provide  agninst  the  eitcBpe  of  any  sulphurous  acid.  It  is. 
howüver,  better  to  estimate  luerrly  thr  quuntity  of  the 
muriatic  acid  in  the  solution,  to  cjilciiiato  thence  the 
4(uantity  of  chlorine,  and  to  infer  the  quantity  of  sulphur 
fn>m  tilt-  liiHS.  Th«  chloride  of  sulphur  tn  be  aniüy!U*d,  is 
decomposeil  by  watrr  in  a  fla.sk  provitU-d  nith  a  grouud- 
l^lass  stopple,  and  tlie  solution  is  allowed  to  digest  for 
Aonie  time  in  a  warm  situation.  The  Rcparatrd  sulphur  is 
at  first  milky,  but  it  j^utu»lly  subsides  in  the  fomi  of  dropit 
which  remain  for  a  lunj^  time  in  a  state  of  Qnidity  in  the 
cold.  TbeAe  drops  contain  a  little  chlorine.  When,  how- 
ever, (he  whole  has  bi-cn  allowed  to  diircst  fur  sonic  time, 
the  sulphur  iH-comcs  solid,  parliculiiriy  if  it  be  stirrctl  with 
n  ttiass  rod.  It  i»  then  filtered,  »nd  nitric  acid  is  added  to 
the  liltt-red  soliiliuii,  which  is  afterwards  precipitated  by  a 
solution  of  nitrate  of  silver.  Tbe  addition  of  nitric  acid  in 
nct'cssary,  to  prevent  the  reaction  of  the  sulphurous  acid 
on  the  oxide  of  silver.  The  quantity  of  chlorine  is  ruck- 
(mwl  from  the  weigtit  of  the  precipitated  chloride  of  silver. 

A  n/ili/nif  of  inxoitthif  (.'htoritlex. — ^ome  ot  the  compounds 
which  contain  chlorine  are  insoluble  in  water,  Imt  capable 
of  solution  in  acids.  This  h  tlic  case  with  many  of  (he 
compounds  of  metallic  chlorides  witli  mirtallic  ovides. 
When  a  compound  of  this  description  is  to  t>e  annUsed,  it 
is  first  dissolved  in  an  acid,  tbe  solution  is  diluted  with 
water,  and  ihc-n  acted  on  by  a  solution  of  silver.  The 
cbhirine  is  thereby  prccipilatcd  in  the  Käme  manner  as 
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fron)  solutions  of  chloridos  in  ivater.    Nitric  acid  is  the 
solvent  commonly  employed  in  sucli  cases.     W'licn  it  if 
rupabli'  of  »(TMling  tlip  solution  «if  ibe  roni}Minnd  in  the 
cold,  ils  (iresence  produces  no  mischief.     But  wljfn  iIm 
solation  is  effected  with  the  aid  of  heat,  it  is  very  easäf 
possible  for  a  portion  of  the  metal  in  combination  «ili 
the  cblorine,  to  liecome  oxidised  by  the  nitric  acid,  und  b« 
thus  maile  to  .sot  at  liberty  n  portion  of  tli«  chlorine.   This 
can  happen,  however,  in  but  very  few  caices,  and  taii^ 
place  more  particularly  when  the  chloride  i»  evaiioratrd  \o 
dryness  with  a  jn'Cat  cxces»  of  nitric  acid.    The  latter  a 
a  process  by  which  a  great  nuinl>er  of  chlorides  can  be 
converted  into  nitrates.     When  the  compound   lias  licen 
disHolvf^  by  warm  ditreslion  in  a  fla-sk  with  nitric  acid, not 
in  too  cniiccnlralcd  u  stale,  and  the  flaHk  Ut\s  Ix^m  clmrd 
with  a  ground  glass  .stopple,  and  not  o|i«-ned  till  uHrr  tlia 
whole  ha?  become  cool,  then,  ii)>nn  dilating  the  &olti(Joa 
with  water,  and  adding  the  solution  of  nitrate  of  silver, 
the  precipitate  which  is  produced  contains  tbc  whole  of 
the  chlorine. 

Scjmratiim  from  Silver  hif  IJifdrogcn  Gas, — Sume  of  ifao 
chlorides  which  arc  instdublc  in  water,  are  aim»  insoluble 
in  tliUilcd  acid.'s.  This  is  the  rase  with  the  chloride  uf 
silver  and  the  protochloridc  of  mercury.  If  the  operatof 
desires  to  determine  with  accuracy  the  quantity  of  silvvr 
contained  in  a  small  quantity  of  chloride  of  silver,  he 
must  expose  it  to  heat  in  an  almospbere  of  hydrogen  gt3> 
Muriatic  acid  gas  is  disen^K^i  ^nd  metallic  ailrei  i** 
mains  behind.  The  apparatus  requisite  for  this  expert' 
meat  is  similar  to  that  represented  at  paj;^  8a. — TV 
chloride  of  silver  is  placed  in  the  bulb  g,  and  is  woif^ird 
therein.  The  hydrogen  gas  is  disen^ged  in  the  maal 
manner.  It  requires  but  a  modi-ratc  heat  to  elfetl  tltf 
conversion  of  the  chloride  into  ref^inc  silver.  Wbrt 
ninriatic  acid  f;as  ceases  to  he  dj-sen^iascd,  the  npparilDS 
is  allowed  to  cool,  and  the  metallic  silver  is  weighed. 
The  way  to  ascertain  when  muriatic  acid  ^s  ceases  to  ht 
disenga);rd,  is  to  hold  a  gloss  nal  moistened  with  am- 
monia at  tJic  mouth  of  the  );lass  tube  passing  from  lli' 
bulb  jr:  white  clouds  ap|>ear  as  long  as  muriatic  acid  ^ 
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issues  forth. — It  is  pcMKiltlc  to  ilcciirapasr  by  this  mode  of 
Ireatiitent  most  «I'lh»!  rhl«riclr»  wlin<tc  mt'tiUlic  «xidi-s  can 
be  couvcrted  into  metal  by  beißfr  boated  in  an  atraoRphcre 
of  hydn>i:<^n  gus.  It  13  only  neces.'tary  to  b«  obKcrvof), 
that  the  rfduction  of  tite  rbluridtfs  by  liydropen  pas  re- 
quires n  snmeu'bat  greater  heat  than  the  reduction  of  the 
o\idcji.  Hm  nf  the  chlorides  trhicb  most  grnerally  occur, 
it  18  only  chloride  of  lead  which  it  ii>  cuütotnary  to  treat  in 
tilts  nuinner.  The  reason  why  chloride  of  lend  is  thus  de- 
coiD|KMM'd  JK,  that  it  is  no  von,'  sparinaly  soluble  in  wati-r, 
that  incoiivciiifMceit  urine  in  l)riiitL.nnt;  it  into  xotution. 

Srjturatian  Jrom  Silver  by  Fusiu«  with  Alatlirs. — The 
decomposition  of  chloride  of  itilver,  with  a  viow  to  the 
<|aanlitQtive  estimation  of  Ihe  silver,  can  be  cffeclod  by  a 
process  ditferont  from  tlie  above,  but  not  sn  ndvanta-^'ous. 
The  chloride  of  silver  is  minified,  in  a  little  |Mm-elain 
crucible,  with  twit«  ibt  weight  of  carbonate  of  .soda,  »r 
what  is  better,  of  »  mixture  of  live  |mrlM  of  cjirbonute  of 
potash  with  four  parts  of  carbonuie  of  soda.  The  »hole 
is  then  heate<l  over  a  spirit  lamp  with  circular  wick.  The 
silver  is  thereby  completely  reduced,  under  disen^pement 
of  carbonii'  »cid  mm,  even  nlii-n  tin-  alcali  docs  not  come 
into  perfect  fusion.  When  L-lierte.st^enee  is  no  longer 
observable,  tlie  porcelain  crucible  is  allowed  to  become 
completely  cold,  and  the  ipnited  mass  i»  treated  with 
wnler.  Ttie  silver  remains  undissolred  in  a  state  of  very 
iine  division.  It  is  Hlten-d,  washed,  if^nitcd  and  weighed. 
This  method  is  employ«^  witli  niucli  «dvanliige  whenever 
it  is  not  pos.sible  to  place  the  fusetl  chloride  of  .silver  in 
the  class  bulb.  Thus,  it  is  partiealarty  advuntaecons, 
when  the  chloride  of  silver  piven  in  an  analysis,  has  iM-i-n 
melted  and  wei}[hed  in  a  porcelain  crucible,  und  it  renmins 
still  til  he  dcterminwl  whether  the  chloride  of  silver  be 
pure  or  not.  The  alcaline  carlKmntc  i.s  tlicn  addin!  to  Ihe 
niH.ts,  and  the  mixture  is  apuin  ipnile«)  in  the  same  cruci- 
ble. The  op(>rator  then  readily  ascertains  from  the  i|uan- 
lity  of  the  rc!tu)liu{;  silver,  whether  the  chloride  of  silver 
eiuploytxl  in  the  c^periment  had  the  proper  enniposiiiun 
or  not. 

.Sr/wfrt/io»  from   Meimry, — To  decompose  iJie  proto- 
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chloride  of  mrrcury,  it  in  only  neccssan-  to  dierest  it  with 
a  solution  of  caustic  potash.  The  solution  filtered  fmm 
the  protoxide  of  mercury,  coDtain»  the  chlorine,  in  the 
KtHle  of  chloride  of  pi)tiL<uiuni.  The  solution  iit  acidalaled 
by  nitric  acid,  und  the  cliloriiie  U  pr<-'cipitated  in  the  state 
of  chloride  of  silver,  by  adtlins  a.  solution  of  nitrate  cS- 
silver.  The  quantity  of  the  mercury  contained  in  the 
prccipiliiled  protoxide  of  mercury  could  be  ascertained 
liy  various  methods;  but  it  is  better  to  estimate  the  quan- 
tity of  the  mcn-ury,  by  tnruting  luuitbcr  portioD  of  the 
protocbloride  of  uiercury,  previously  reduced  to  a  pul- 
verised state,  with  muriatic  acid  and  protocbloride  of  tia, 
in  the  manner  dejicrihcd  at  page  118. 

SeparafioH  from  rurt'oiut  Metals,  hy  Sulp/iurettrd  T/yJregm 
GoM.  —  Strvcnil  of  the  chhiridcs  wbidi  arc  insulubic  in 
water  and  in  acid.s,  anil  wliieh  contain  mctalN  that  can 
be  fully  precipitated  from  thoir  solutions  by  ttulphuretted 
bydrojjen  gas,  may  bo  analyse«!  as  follows :  A  Mei^wd 
quantity  of  the  chloride  having  been  linely  pulverised,  b 
placed  in  a  flask  which  can  be  closed,  and  after  admiitore 
with  water,  is  exposed  to  a  current  of  «ulphurcttcd  Iijdn*- 
gcn  ^»H  until  the  gas  ccancs  to  b«  abKorhcd.  The  nettl 
is  thuä  converted  into  a  metallic  solphuret  which  remain 
undissolved,  white  the  rhiorine  produce»  muriatic  ftciil 
whirli  dts.solves  in  the  Kolution.  The  t^ulphuret  is  sqw- 
rated  by  (lltriitiou,  and  the  lUtered  Molulinn  is  mixed  wilb 
a  sohitioa  of  sulphate  of  dcutoxide  of  copper.  This  pn^ 
cipitates  the  excess  of  sulphuretted  hydro|;en,  in  the  stale 
of  »ulphtirct  of  copper  The  precipitate  is  filtered,  W^ 
the  chlorine  is  precipitated  from  the  solution,  liy  tncaini  of 
niintte  of  silver.  The  composition  of  the  chloride  is  thni 
ascertained  fnim  tlie  quantilie:«  of  the  metallic  sulpbuttt 
aail  chloride  of  .silver. — It  is  necessary  to  .shake  the  flask 
now  and  then,  while  the  sulphuretted  hydrogen  pru  ii 
Iwing  pasHed  into  the  solution.  This  jjor^'es  to  brins  tkc 
particles  of  die  pulverised  substance  better  into  contJrt 
with  the  sulphuretted  hydrogen  gas.  11'  the  solationüuil 
nmelLs  of  sulphuretted  hydmscn  after  havinsr  l>ern  shalo» 
for  some  lime,  it  ts  u  proof  that  it  is  lull]  saturated  «il)i 
that  ifa."». 
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Stparatim  frvm  Munganear,  Irwt^  Zinc,  and  ihbalt. — 
Tbera  ü  «till  another  metbod  of  cxaiuiEiog  tbc  tltloridcH 
which  ant  insuluhlc  in  unter,  »  mvlhod  too,  which  can  bo 
employed  iu  the  exuniiiiatiim  «f  l\iu»o  rhlorides  whose 
metal:«  lau  ouly  he  ritlly  ]in;i:t]>itated  nn  Fiitl|)liurrtii,  from 
lUMitiuI  .sulutioiis,  by  »uluble  ^tiilphuretä.  Thi.s  is  thr  riu«o 
with  manKuuL'M.-,  iroii,  zinc,  and  cobalt.  \  wcifiUlHi  quan- 
tity of  the  chloride  for  exnmination,  is  treated  with  hiby- 
drosulphiiret  of  amnimira,  or  with  a  soliitiuii  uf »ulphurct  of 
barimii,  ur  any  other  .•hiIuMi;  sulphiiret.  The  o|>LTatioii  in 
best  performed  Jn  a  flask  which  can  be  closed,  in  order 
that  the  whol«^  may  br  rxpused  with  .safety  to  a  very 
geotlc  heat,  nhile  pertnitted  to  digest.  When  tbo  preci- 
pitated metallic  sulphunM  has  been  filtered,  tlie  solutioD, 
which  contain«  murinte  of  aniinoniu,  or  chloride  of  bnriiim, 
wilh  the  excels  of  bihydydrosiilpliurct  of  uniinuiiiu  ur  ntd- 
pburct  of  tmriiim,  is  cautiouitly  ini^ed  uilh  diluted  .Htil- 
pburic  acid,  and  a  solution  of  sulphiitc  uf  dctitoxide  of 
copjKT  i»  added,  to  Keparato  the  reinainiii»  sulpburctleU 
hydrogen.  When  iho  Kolution  has  been  tillered  from  the 
sulphurel  of  copper,  chloride  of  silver  is  thrown  down  by  a 
solution  of  nitrntc  of  silver.  The  quiititity  of  chlorine 
contained  iu  llir  «uKstunco  submitted  to  examination,  ia 
calculated  from  the  weight  of  lliis  lant  precipitate. 

SejmriUioa  from  Carbon. — The  cuuipoundK  of  chlorine 
and  carbon  which  are  insidublc  in  water,  are  analysed  by  a 
process  dill'crin^  from  all  tlie  pmrcdinK.  A  small  weij:bed 
portion  of  the  compound  is  treated  with  deutoxido  of 
copper,  in  the  manuer  which  will  lie  described  in  the  filst 
section.  The  opemtiun  prudueet:  carbonic  acid,  from  the 
quantity  of  which,  (he  operator  calculuteK  the  weight  of 
the  carbon.  The  quantity  of  chlorine  is  li-iinu>d  from  the 
loeMof  wcifcht. 

Decomposition  of  Ciioriäa  by  Suipkvrie  Aeid,—¥wm 
mORt  of  the  metallic  chlimdcs  which  are  not  volatile,  und 
wliich  have  to  be  examined  iu  a  solid  state,  the  chlorine 
can,  generally  apeaking,  be  e\p«>lletl  in  the  snmc  manner 
a»  fluorine  from  the  fluoride-s,  that  in  to  »ay,  by  treating 
the  ctmipitund  with  concentrated  .'«ulphuric  acid.  Muriatic 
add  is  expelled  in  the  gaseous  state,  and  the  quantity  of 
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th«  metal  which  wiuicombinrd  with  llin  rhloriiip,  tjt  leaned 
l'nini  ihr  wuight  of  Ihi^  rrsiiltintr  sul))hutc.  Thcqnantin 
»r  tlw.  chlorine  curi  only  Ixt  int'erre«!  frtJiu  Ihr  Itiiss  »pch- 
enwd.  A  great  number  of  these  chlorides  arc  not  dcc*«- 
pofi€>ct  by  sulphiirir  acid  unless  beat  b«^  applied ;  o\hm 
CHniiot  bedrcompQSed  cventhco;  while  xtill  others,  thnci 
n-ally  driotn posed,  arc  ()cc'oin)>osed  in  such  a  raunn. 
that  thf  tgiinntilattve  estimation  of  Ihr  metal  wrhirb  ma 
eomhinetl  with  the  eblorinc,  can  hy  no  means  be  e-Sectt^ 
Perrhlttricle  ut'  mercury  is  not  (leeotnposublc  by  sulphmic 
acid,  eveo  when  hefttfd.  ProliM-blitritle  of  nierrnry  i» 
drcompoKcd  nhcn  heated  witli  sulphuric  acid,  and  snrs 
origin  to  KulphiirouH  arid  gas,  peixrldnride  of  tnerritr>'.uil 
pofÄtilphnte  oi"  mercury.  Chloride  of  froUl,  %»hen  heauA 
with  stilphiiric  ncid  deposits  nietaflie  gold,  nhile  riilowt 
and  mnriatic  »rid  );hs  are  disengaged.  Frotoc'blaridc«! 
tin  dUoxidi.seji  the  sulphuric  iieid.  Thr  nther  uirlitU 
chloride  otlm|iiLTit  ocfurrence,  are  coiivrrt«-«l  by  suliAorit 
add,  with  more  or  less  e&se,  and  under  diäeneafrcoirnt  ol 
murititic  acid  ^ns,  inio  sulphate».  ThiH  hap]>ens  mat 
difKcultly,  perhaps,  with  chloride  of  silver,  nliich  vaaeatj 
he  convened  into  sulphate  i>t'  silver  by  lx;iug  heatrd  n- 
pnutedly  with  sulplniric  arid. 

Many  compounds  which  occur  in  nature  contain  mcoi- 
lie  chlorides,  Hiimetiines  in  lur^e,  but  often  al54>  ia  nf) 
»mall  ipiantities.  Tliette  compounds  are  fluorides,  anM»- 
ates,  pho.>q)hatcs,  carlionates,  and  silicates. 

Seimrrtiifin  from  SUicfili^.  —  When  rllloridcN  ar*  Cofr 
tained  in  silicates,  and  the  latter  arc  deconipotünblc  In 
acids,  Ihey  are  treated  in  the  add  with  nitric  acid.  If  iIk 
compound  ran  only  be  deconiposed  by  hcatctt  acidj^,  tW 
tIi|{estion  must  lie  etlectcd  in  a  flask  closed  by  a  et»* 
Klöpple.  The  di^^tion  bcin^;  ended,  the  silicic  acid  ii 
filtered,  and  a  solution  of  nitrate  of  sUrcr  i»  added  tolk 
filtered  solution.  The  chlorine  then  precipitates,  in  ik 
Htate  of  chloride  of  silver.  From  die  solution  filtered  fiw 
the  chloride  of  silver,  the  excess  of  oxide  of  silver  b  fira 
removed  by  muriatic  acid.  The  quantities  of  the  b>Mt 
which  then  n-rauin  in  solution,  are  cätimate«!  according  f 
methods  already  described.— The  compotinds  of  tliis  if- 
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«ripiton  whicli  ticrur  in  uaturc  arc  Sndidite,  Eiidialilf, 
■ftnd  Pyruttiiialite. 

Wlicii  the  silicates  which  contain  chlorides  cannot  be 
doconiposcd  by  ii(-id»i,  (bey  must  be  ii;iii(L-d  wilh  carbonate 
«r  aU'uli.  The  i^^iitcd  muss  is  treated  uith  watrr,  which 
diMAulvcff  the  carboimtc  of  iilculi  niih  the  chloride  of 
potassiuiu  or  sodimn  ]in)du<'cd  by  Ihi?  prorc:«».  Tilt;  liolu- 
lion  is  tlien  supernal u rat *'d  with  nitric  acid,  and  tht!  chlu- 
liii«  is  preriptlated  by  a  solution  of  nitrate  ofüilver. 

StqmratioH  from  Fluorine,  Arsenic  Acid,  Phospliitrie  Aetdf 
and  (  arlionic  Acid. — The  analysis  nf  the  fluorides  as  wpII 
a^  of  the  arscniates,  pho:iiphatcs,  und  irarbonalcä,  ubich 
contain  clUoridcä,  is  pcri'onned  by  dissoKinj^  a  w<.-ii;hc*d 
quantity  ofttio  compound,  in  th«^  cold  if  pcisNibk-,  in  nitric 
acid.  The  solution  in  diluted  with  water,  and  niixetl  with 
a  sniulinn  of  nitrate  »f  :<ilTcr.  It  IH  proper  lo  cuipKty  a 
particular  wciphcd  portion  of  each  of  these  ronipuundrs  for 
the  cstimattoD  of  the  chionno  alone.  'ITic  fluoridts  m'nt 
be  dissolved  in  a  plulluuiu  vessel,  and  (be  ddution  uith 
water,  and  precipitation  of  (he  chloride  of  silver  by  the 
sohKion  of  nitrate  (if  silver,  innst  Ih-  effected  in  Ihr  same. 
When  only  an  extremely  sniiül  quantity  of  the  fluoride  is 
present,  the  compound  may  be  dccoroiioM-d  in  a  gta«s. 
Should  a  com|Hmnd  of  this  description  contain  hut  a  very 
small  quautily  of  the  chloride,  but  al  Ibesam«  lime  a  larjfC 
quantity  of  phosphoric  acid,  which  does  not  admit  nfbeinf; 
extiniHti-tl  with  ^rrcat  accunicy,  it  is  tlien  ini]M>s.sihU*  to 
delcruiinc  difLi-lly  the  quuntily  of  the  Ihiorine.  Thiä  is 
the  case,  for  example,  iviib  sevonU  varieties  of  Apatite. 
The  u|Minilor  then  drlemiines,  with  two  dilferent  wei'hed 
|K>rtiMUii,  the  respective  4|unntities  of  the  chlurine  and  (he 
Iniscs,  which  exist  partly  as  uxides  in  oondjinatiim  wi(b 
Ihc  phosphoric  arid,  piurtly  as  metals  in  combjaalion  with 
the  fluiiriue  and  chlurine.  Another  portion  of  the  com- 
pound i»  then  ii^nited  with  an  excess  of  earl>onule  i>f  soda, 
and  after  i;;nition.  is  treate«)  with  water.  The  solution  so 
produced  contains  pht>sphate  of  .soda  and  fluoride  of  so- 
dium, which  siil>s(aDCC5  can  be  analysed  in  the  manner 
described  at  page  346. 

QHantitativf  £itimatioii  of  Chlorine  Gas. — Free  chlorine 
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gan  ranaot  be  estimated  accordins  to  btilk,  withoat  ex- 
treme tliitiruliy;  Ktiive,  a.i  it  in  ulisurbed  both  by  water 
nnd  menrury,  neitberof  tlies«  liquids  caii  be  employ««)  to 
confino  i1  in  the  vessels.  The  best  way  to  pnKreed,  when 
free  chlorine  g«A  is  tu  be  quantitatively  estimated,  is  to 
lead  it,  with  rare,  in  proportion  as  it  is  di.sengHccd,  into  a 
solution  of  nmnionia,  which  has  been  previously  dilated 
with  water.  A  portion  of  thi>  atnmonia  is  then  deeom- 
posL-il;  muriate  of  aminontit  is  formed,  and  remains  ia 
solution;  while  free  nitraeen  is  disen^u^ed  us  gas.  Care 
must  b«  taken  to  disengage  the  chU>nne  as  slowly  »s 
possible.  This  is  necessary  to  ensure  the  complete  de- 
comiwsitiuD  of  the  ammonia,  and  to  prevent  the  discharsv 
of  chlorine  in  company  with  the  nitrogen.  The  anauMDia 
should  be  }iimr<?d  into  n  pn-lty  lurve  flask,  and  this  shoiiM 
ht!  clüseil  by  a  cork  hiiviiii;  the  ^liu»  tube  paisNcd  throDgb 
it  which  is  to  conduct  tho  chlorine  into  the  solution.  Tbc 
cork  must  not  close  the  Ü&ak  quite  iiir-tiglit,  hat  be  set  in 
loosely,  to  allow  room  lor  the  nitrogen  giis  to  ettcHpe.  It 
is  necessary  that  the  ammonia  be  present  in  excess,  ia 
order  that  no  rhloride  of  arxite  may  be  produced.  Whea 
the  discnt.'agcmcnt  of  chlorine  ceases,  «II  the  gas  that 
remains  in  the  flask  in  which  it  was  produced  and  in  tlic 
condnclinf;  tubes  lending  Ironi  it,  is  expelled  thcrefrotn  by 
mi>aiis  of  rarbonir  acid  sua;  llir  chlorine  jihs  being  drivm 
into  the  solution  of  ammonia.  ']*he  method  of  pertbrminr 
this  operation  has  been  dfscril>ed  at  page  230,  in  trcatitq:  ■ 
of  the  absorption  of  sul  phuretted  hydrogen  y;as  by  mctallit  f 
solutions.— The  ammoniacal  solution  is  thereupon  acidn- 
lalcd  by  nitric  acid,  nnd  the  chlorine  is  precipitated  in  tlie 
state  of  chloride  of  silver,  by  a  solntion  of  nitrate  of 
silver. 

Quantttntive  E/ftimation  of  the  (borates.— ^^\ Uh  rrspetS 
to  the  oxides  of  chlorine  and  their  combinations  witk 
bases,  it  is  to  be  obsoiTed  that  thi-ir  analysis  is  ofJm 
attended  by  ^reat  dilliculties.  To  delei-minc  the  qnaniity 
of  the  chlurin«  contained  in  the  acid,  and  the  qnantity  of 
the  metid  contained  in  the  oxide,  of  a  chlornte,  it  a  brsl 
tu  expose  a  weijuhcd  qnantity  of  the  chlorate  to  i^ho». 
It  is  thus  converted  Into  a  metallic  chloride,  while  «x>evn 
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jras  dies  aM*ay.  It'  tlie  nalt  contiiinx  no  water  of  cryHtal* 
lÜGatioM,  its  coinpoüilioii  cao  be  easily  rerkoncd  fmai  the 
fjunntity of thorcsiiltini? metallic cliluridc.  TticqiirtiUity of 
the  chloric  acid  cuuld  also  l>c  dotpmiiiHKl  from  tlu>  volume 
of  (ht!  oxygen  gas  which  is  set  at  liberty. 

Analysis  of  Chloride  of  Lime,  or  liltfiching  Pittriler. — 
Hnch  more  important,  in  a  tcchniroJ  point  of  view,  \*  lite 
aiuilyifis  uf  the  <:liloritc»t.  Coui|Kmnds  wltick  very  fro- 
qiifQlly  hav«  to  be  examined  arc  the  eolations  of  chlorito 
of  soda  iind  cbloritc  of  potash,  min^'led  with  chloride  of 
sodium  nud  chloride  of  potassium,  and  tliat  of  chlorite  of 
lime  minted  uith  chloride  of  raliTiiini  and  hydralc  of  lime 
— a  compound  which  is  (MUimouly  termed  chloride  of 
lime;  for  tbcse  coiopoands  are  now  very  much  employed 
not  only  as  hlcachiti^  «i^eitt.s  l>ut  as  dcAtroycrü  of  mia.ima, 
and  it  is  thiTcforc  ol'  im)>ortunL*e  to  know  how  fftvat  a 
quantity  of  chlorine  they  discDga^e  apvn  being  treated 
with  acids.  With  n-:$]MX't  to  the  nnalysLs  of  llie  chloride 
of  limp,  or  ruthvr  the  eatlimalion  of  tlie  chlorinr,  GaV- 
LtissAO  fAnaalea  dt  CkiMiU  H  dt  PAysi^iu,  T.  xxvi. 
p.  162)  hitB  given  u  methoil  hy  which  the  quantity  of 
chluriiie  containtHl  in  ii  wcighwl  fpiuntity  of  the  .>viiti.stan(% 
can  he  aKcertained.  Tbi«  method  cousi^ts  in  pulverising 
a  weighed  quantity  of  tho  chloride  of  lime  with  a  gifen 
quaotity  of  water,  and  then  bleaching  with  the  mixture  a 
given  qnaatity  of  a  solution  of  indigo  in  sulphuric  acid 
previously  diluted  with  water.  The  greater  or  smaller 
quantity  of  the  bli^achtil  indigo  solution  indicates  the 
quantity  of  the  chlorine  which  is  expelled  from  the  chloride 
vS  lime  l>y  tlie  sulphuric  acitl  of  the  indigo  aulution.  When 
this  operation  i^  not  conducted  with  prD|K>r  prrcauiion,  it 
is  po.HKible,  a<?cording  to  Murin  (Jonnutl  de  Pßiarnuirif, 
Oct.  1H28).  to  obtain  \ery  uncertain  results.  The  diluted 
indigo  solution  is  moreover  affected  in  its  composition 
when  kept  Ions.  When  the  solulinn  of  indigo  is  mixed 
with  the  ifolution  of  chloride  of  time,  u  slight  portiim  of 
the  chlorine  «ometime«  esmpes  before  it  hau  exerted  its 
lilcaching  action  on  the  indigo.  This  is  the  case,  when 
the  mixlun'  is  made  very  slowly.  Tlie  clfect  {Kmluci^l  in 
llicsc  csp>>rimenlM(]e{M-nd.s  indeed  very  much  on  the  greater 
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or  lesser  tlvicirc  of  rupiitil;  willi  which  the  two  liqntdj  IB 
mixed  toffptlH-r.  Moaiv  has,  on  this  account,  rwm- 
lucndcd  a  diflcrcnt  mwle  of  examinatiou.  (t  is  stiU  o»- 
kiioHii,  liowever,  «liether  his  mt-lhod  affords  more  cnto 
n-suIt.H  than  tliat  wliich  it  is  iritciidtd  to  suporwdr. 

Wben  tlie  chloride  of  liiue  cousista  merely  of  chiorittrf 
lime  mineled  with  the  portion  of  chloride  of  calcium  «iuek 
mu£t  uccc-idarily  !)c  produced  in  its  preparation,  the  qm- 
tity  of  chlorine  M~hic-h  c:ui  be  disengaged,  by  trvalinf  tk 
compound  with  an  add,  miiy  be  must  accurately  iaa- 
mitKHl  iLt  foUows:  A  weighed  i|tmiiU(y  of  tlic  chlotidrtf 
lime  is  dt-composed  in  a  tioitulde  appuraluä  bj'  diteld 
äulphurtc  »cid,  aud  the  diäeagased  chlorine  ^ras  ia  ledinb 
IX  diluted  Kolulion  iif  ammonia.  The  uiumoniacul  sultni« 
lA  then  supersutii rated  t>v  nitric  acid,  antl  is  mt\*-d  wilbi 
solution  of  nitrate  of  silver,  which  precipitates  tbechloriit 
in  t  lie  sliite  of  ('hloridc  of  silver.  The  apparatus  em(dord 
for  this  pitrjvoso  may  l)o  such  an  that  di*S(-ritM>d  at  p.SBl 
It  i.s  unnticessur}-,  however,  to  ronnect  so  many  Sasi*  <i 
ammonia  «ith  the  gaa  liotlle,  as  are  represented  tu  ^ 
figure  above  relt-rred  to.  In  order,  at  tht;  end  uf  ibedi»' 
tillation,  to  drive  all  the  clilorine  from  ttic  body  uf  tbt 
gas  bottle  inTu  the  annuunia,  a  solution  of  carUioaic  i^ 
ammonia  may  be  made  use  of  in  the  manner  already  4^ 
scrJNed.  It  is  only  net^essary  to  take  care  that  an  exoü 
of  sulphuric  arid  l>e  ttien  present  in  the  g-as  huttlu. 

This  method  of  examination  cannot,  however,  be  ni- 
ph>ycd,  when  the  chloride  of  lime  coiituins  ihlorate  of  lint. 
The  presence  of  chlorate  of  lime  is  very  frequent  wheo.» 
the  preparation  of  tlie  chlorido  of  lime,  the  produclirmat 
npplic-ation  of  heal  has  not  been  avoided  with  safficiME 
care,  or  when  the  hydrate  of  lime  has  not  been  tivut^.. 
with  an  excess  of  chlorine. 

According  to  Lihbic(Poggbnuo8pp's  AnnaIen.T.X' 
p.  54.»)j  the  sohilioiis  of  the  ehlnrites  convert  a  ifolatioa 
sulpburet  of  barium  into  sulphate  uf  barytes;  in  efl«tii< 
this  change,  the  oxygen  of  the  clUorous  «cid  mnvetts  the 
sulphur  into  »ulphuric  acid,  and  the  oxyg:eu  uf  tlw  lux 
combined  with  the  chlorous  acid  converts  the  barium  iatn 
tparytcs.     Hi  therefore,  the  quantity  of  (he  sulphuir 
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'  liarytes  were  to  be  deterruiiietl,  which  can  be  readily  done 
t  by  supcrtiiituratiHg  ibo  nhole  with  a  Tree  ucid,  (tu.  Tor 
I  «xatnplo,  with  muriatic  acid,  and  igniting  the  sulphate  of 
>  baryles  to  tWe  it  from  ihe  preoipitaled  »iulphnr,  then  the 
p  qiiiintity  of  the  rhtoroua  ucid  could  be  odcnlaled.  Ilcnrc 
|i  it  is  easy  to  discover  how  much  chlorine  is  disvngiigt-i) 
I  fnmi  llie  rhloride  iif  lime  hy  HCids;  lor  thi»  (jiiiintily  o( 
I  chlorine  is  equivalent  to  the  quantity  of  OTnygen  which  has 
liet-'n  taken  up  by  the  üiilphurtit  of  barium  to  give  origin  to 
«ulphuric  acid  and  barytus. 

SfjwratioH  ofVUoridnfrom  C'A/orato.— When  a  chloride 
and  a  chlorate  are  contained  in  (he  same  solution,  nnd  are 
to  be  rcspccliTcly  quantitatively  estimated,  the  Separation 
can  be  ell'ected  without  the  Icniit  difficuFty  if  no  chlorite  be 
also  preüfnt  in  the  solution.  The  solution,  if  it  coniaio  no 
free  base,  is  mixed  with  a  solution  of  nitrate  of  silver, 
which  precipilateä  merely  the  rhlorinv  of  the  rhloritlr»,  in 
the  state  of  chloride  of  silver.  From  the  weight  of  tliia 
pre«-)pitale,  the  quantity  of  the  chlorine  in  the  rhloride 
can,  therelore,  bo  c-asily  recLoned.  If,  now,  anotJipr  por- 
tion of  the  solution  he  evaporated  to  dryness,  then  igtiit«-d, 
and  a^nin  dissolved  in  water,  or  in  very  dilute  nitric  acid, 
and  mixed  with  a  mrlulion  »f  nitrate  of  silver»  it  affords  a 
precipitate  of  chloride  of  silver,  which  contains  not  only 
the  chlorine  belonging  to  the  chloride,  but  that  also  which 
forrnod  pare  of  the  chlorate.  It  Is  then  merely  necessary 
to  estimate  the  quantity  of  chlorine  in  the  rhloride  of 
silver,  and  to  deduct  llie  proportion  of  chlorine  known  to 
belong  to  the  chloride  of  the  compound.  The  remainder 
indicates  the  quantity  of  chlorine  contained  in  the  ehlo- 
r<ite.  It  is  then  easy  to  calculate  the  quantity  of  the 
chloric  iicid  contained  in  the  solution. 
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XLVIII.    BROMINE. 


J  Dfcompoaiiion  nf  Bromides  by  Sulpfiurir  Jrid. — The  q  nan> 

'  litative  estimation  of  bromine  üben  combined  with  metals 
can,  in  most  cases,  l>e,  upon  the  whole,  best  effected  as 
follows  :  A  weigheil  quantity  of  the  comimund  of  bromine 
is  decomposed,  with  the  aid  of  heat,  by  sulphuric  acid. 


^ 
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The  quantity  of  the  mutal  is  then  calculated  from  d» 
wciglit  ut'the  Tcsiilting  su){>hati;  ol*  oxide,  and  Üiat  nf 
liroiuiitc  from  the  losM  äustaiaed.     A»  the  dbcouiposili 
of  metallic  hroiaitk-s  by  sul|>buric  acid  produces  a 
g:aKement  of  hydrobromic  acid  ftas,  sulphurous  acid,  aai 
brtuiiinr,  of  (-oursa  the  drc<im[iüKition  tntiat  uot  l»p  effi 
iu  a  platiuuiu  crucible,  but  iu  a  porcelain  capsule, 
brouiidcs,  however,  are  incapable  of  being  decompo(v4 
by  sulphuric  acid:   tbo  pvrbrimiidc  of   mercury  is   a> 
example. 

DecompoxitioH  of  Bromides  in/  Su/pharetted  Hydrogn. — 
There  are  still  other  methods  of  determining  tlw  quuti^ 
of  thi- meliil  ciintaincd  in  a  nu'tallii:  bromide.  Whea  the 
compound  is  .soluble  in  vratcr  or  in  dilute  acids,  and  tfac 
ba.so  IS  capable  of  beiii;;  precipitated,  either  from  an  ttxk 
Solution  by  5u]pliui-ettcd  hydro;^-u  {;at>.  or  from  a  neantl 
Holutiun  by  bihydr4»Kulphun>t  of  ammonia,  then  the  ope- 
rator can  employ  «me  of  Ihiiso  precipitant»  tn  M'panile  the 
metal  from  the  bromine,  whereupon  the  metal  can  be  qnu- 
litatively  estimated.  A 

JJeeompositüm  of  Bromides  hy  Alfaline  CÄMrbonata.--™ 
When,  however,  the  cninpoiitid  diNsulves  neither  in  «alif 
DOT  iu  acidit,  ihe  quantity  of  the  base  can  utill  be  often 
(letcniiined  as  liillows :  A  weighed  portion  of  the  coBi- 
pi>uiKl  is  ignited  with  CAHH>iiutc  of  ]M>ta«h  or  carbonate  tf 
soda,  and  the  i^itcd  mass  is  treated  with  water.  Tke 
resulting  bromide  nrpotussium  or  bromide  of  sodjam, 
the  ßxcess  uf  carlK)nat(Hl  alr^i  tfaeu  dissolve,  while 
metal,  in  the  state  of  oxide,  remains  undissolved, 
indeed,  the  solution  of  carbonated  alcali  be  capable 
dissolving  it. 

Precipitation  of  Bromine  by  n  SoiuHon  of  Siicer, — Af- 
cording  to  these  methods,  however,  the  quantity  of  du 
hromine  is  found  only  from  the  loss  sustained.  But  it  if 
pnxsihlc  to  determine  iiI»o  tlie  quiuility  of  the  brominr 
ccmtiilaed  in  compnunds  which  arc  solublo  in  water,  bj 
direct  cxperimciit;  because  bromine  produt%»  insolohlt 
prtM-ipitates,  not  only  with  rtilver,  but  with  sevi>ral  othff 
metals.  It  is  probable,  therefore,  that  a  solution  ol'tutratt 
of  silver  might  be  employed  with  as  much  advantage  in  tht 
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'  prrripitntifinuf  bniminrfnitn  I)nmiid«s,ai4)u  the  priN'ipitn- 
l  lion  of  chlorioc  from  chlorides;  for,  ihc  bromide  ol' silver 
I  and  tile  c:hl(iridc  of  silver  apppar  tu  Iw  ver^-  Kimilur  in  (beir 
I  it'lHlioiiH  not  only  tonards  naltr,  but  (owards  ditut«d 
i  nitric  acid  aiid  amuiuniu.  It  has,  however,  not  yet  beca 
■  detenuinod  by  experimeat,  whether  mdiilions  »i  Ntlrcr  pre- 
cipitatc  bromine  from  bromides  with  the  same  accuracy 
thai  they  precipitate  chlorioe  frum  solulile  chlnrides. 

ISrpiiralivH  from  Chiarimr. — No  molbod  of  quautitatiTely 
Bepanitiug  bcuminr  fnnn  chlorine  h-An  yet  beeu  dittcuvcred. 


XLIX.    IODINE. 


Decampmitifm  of  Iodides  by  Sviphttric  Acid. — llie  i|Uanli- 
tative  e>(tiii)atinu  of  iodine  in  metallic  iodides  cait.  in  most 
cases,  be  effected  in  the  same  inamier  as  that  of  hntmine 
in  bromide»,  namely,  by  di;coiu|>o«itioD  Milh  saiphuric 
acid.    As  the  decomposition  of  metallic  iodides  by  sul- 

»phiirjc  acid  is  accompanied  by  the  disen^gement  of  stil- 
phiinius  acid  and  free  iodine,  so  must  hero  also,  the 
cmpinymcnt  of  ii  pliitiniim  vessel  l»e  avoided,  and  a  renscl 
of  porcelain  be  üub»tJtutrd  in  it.t  strad.  I'nmi  the  quan- 
tity of  the  resaltine  sulphate  of  oxide,  the  quautity  of  the 
metal  i^  recL.oru'd :  the  quaulily  of  tiic  imline  can  only  be 
found  from  the  loss  sustained.  Some  metallic  iodides, 
such  as  the  periodide  of  mercury,  are  indecomposable  by 
sulphuric  acid. 

Deeompmitiott  of  lodtdfs  by  Sulphtirelted  Utfdro^en. — 
When  metallic  iodides  are  soluble  in  water  or  in  acids,  it 
is  eiisy  to  separate  the  iodine  from  the  metnis  nhich  arc 
precipitabic  either  from  acid  stdutionx  by  sulphuretted 
liydnigcQ  gas,  or  from  neutTaJ  ^solutions  by  bihydrosul- 
phurct  of  ammonia. 

J}c<xinij»mlion  oflodidfs  %  Jleatine  Carbonate*. — Metallic 
todide-s  uhich  are  insoluble  in  walor,  can  abu>  be  decinn- 
posed  by  ignition  with  carbonate  of  potash  or  carbonate 
of  .soda.  1J|>on  treating  the  iiniittd  mas»  with  water,  the 
iiMÜdr  of  piitn.s.sinn)  or  iodide  of  »odium,  and  the  excess  of 
the  carbonated  alcoli  dissolve,  while  the  metal,  in  the  state 
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of  oxide,  remains  behind,  onless,  indeed»  il  be  snluUra 
the  solution  of  carbonated  atcali. 

Precipitation   of  Iodine  hi/  a  Ä)/«/»«n  of  Silrfr.^-Xs  At  \ 
coinpoundä   formed    by   iodinu   wilh    a    gix-ni  uninln'r  <i\ 
metals  are  insoluble  in  water,  so  the  iodiuo  (?oiild  lir  p*^ 
ripitutrd  frimi  ita  (roniptmnds  which  are  sohiblp  inn*« 
by  a  iKTCUt  number  of  mcltillic  MoliitiMns.     SiipptMsiii^'iodiir 
to  have  keen  thus  precipitated,  the  quantity  of  Ch«  ioiae 
ix  to  he  reckoned  from  the  weight  of  tbo  insniahir  iiuiiiV 
It  in  not  known  willi  certainty,  liutverer,  what  rofulk 
solution  is  best  adapted  to  this  purpose.     Pn>bobl}ik{ 
einployioent  of  a  solution  of  nitrate  of  silver  houIiI  W  lb 
moist  advantaffcous ;  the  iodide  of  silver  must  then  bcprt- 
ejpitatcd  with  the  saine  prccMUliou  that  is  necesnrrtahi 
taken  in  the  precipitation  of  chloride  of  silver. — ll  rnnu»! 
to  tir  remarked,  tluit  mnnymctHilic  Iodides  which  are  in 
lulilc  in  pure  water,  pof>.si\s.s  a  slight  dcf^'ee  of  Molubtlitjii 
solutions  of  other  salts. 

Separation  from  Bromine  and  CMorine. — Iodine,  contaiM' 
in  (-(inipoiinds  which  arc  soluble  in  watpr.  can,  nrtonl- 
injc  ti)  the  reconinieitdation  ofBAi.AKii  and  äutBEtio 
(Jouni.  de  Pkiirni.  182H,  p.  4SI),  hv-  Nt'parate«!  from  ib 
»nlulile  coiniKJuads  of  bromine  and  chlurine,  liy  convrrsw 
into  protoiodide  of  copper:  this  substance  dot^s  notdidMin 
in  water,  while  the  jierhnmiide  of  cupper  and  pcrchloru^ 
of  copper  produced  at  the  same  time,  but  h.  if  bolhbep>-| 
sent,  dissolve.  If  an  iodide  which  is  itolublr  in  water,  fv 
vxiunple,  iodfrlc  of  potassium  or  iodide  of  sodium,  br  if 
solved  and  min>:led  with  asolutionof  sulphate  of  drulnxdi 
of  topper,  it  produces  no  perioilide  of  copper,  which  ifawl 
not  appear  to  exi^tt;  nothing,  therefore,  but  protDiodidc«' 
copi)er  is  formed ;  on  which  account,  half  the  iodine  In- 
comes free,  and,  dissolving  in  the  .soUition,  ^rives  itabrcm 
colour.  To  prccipitato  the  whole  of  the  iiHtine  in  ihr  äM 
of  protoiodide  of  copper,  it  is  necessary  to  adopt  thcW- 
lowing;  process  of  ßKR/.F.[.itis(Po(.-(;KN  doktf's  AwiiH 
T.  Xli.  p.  (i(U):  The  dis.s(dvcfl  metallic  iodide  is  nin^ 
with  a  Kolulifin  ctmtainini;  one  part  of  crystallised  dciO; 
sulphute  of  cupper,  uud  2|  parts  uf  proto.sulpbateofiM^I 
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Analysu  of  the  jVifritet*. — The  best  way  to  analyse  Ibe 
compounds  o(  nitrous  acid  is  to  esliniHte  the  quantity  of 
Ibt-  base,  and  to  rrcktm  the  arid  iToni  the  IdS-s  cxprriciircd. 
The  nitritrs  niii  be  dn'uiii|H>»fd  by  Kiilpbum  luid  and  the 
i^uaDtiiy  ül'  the  nitrous  acid  determined  Irom  the  weifcht  of 
tbe  iiul|>biite  produced.  The  nitriltv«;  cjux  also  bo  detom- 
pofied  by  iiniitioii,  in  tvbich  rase  til«  base  alone  remains 
behind.  It  Is  difficult,  howcrcr,  by  these  mrlhods,  to  e^li- 
mate  the  quantity  uf  the  water  of  cr>'Htalli»»liun  iu  tile 
comix  lund. 

Awihitiii  of  tkp  Osidft  of  Nitroyn  bjf  Ttfniliim  with  Mftah. 
— All  the  oxides  of  nilnjj;cn  rau  be  eouijiletely  deroin- 
posed,  by  1>eing  pasited  iu  va|H>ur  over  red-hot  copper  or 
iron.  Tlii.s  method  was  fintl  employed  by  Dll.oNtJ  f/ln- 
aaUtd^  OtimUftiUPhysiifMe,!:.  ii.  p.;)lU)iu hisT«scarche« 
IcspcetiDK  the  water-free  nitrous  acid.  He  iniide  use  of  a 
tubi'  iif  porcelain,  in  which  he  placed  ii  weighed  qimiitiiy 
of  well -cleaned  copper  or  iron  wire,  in  great  excess.  Both 
ends  of  llie  tube  were  fumisbed  with  rorks  havini;  glaMi 
tubeä  passed  lhrou:;h  them.  One  of  these  ^\&»a  tuttes 
served  to  lead  the  ita«  iiilo  (he  pon'clain  lube ;  the  ulhi^  to 
convey  it  tbeucc,  after  decoiupu»itliuu,  to  be  measured. 
ffae  gas  issuing  from  the  porcelain  tube  was  always 
Itassed  throagh  a  jirliiss  tube  tilled  nilh  rhluridc  ofraliiuiii, 
for  tile  purpose  of  freeing  it  completely  fruiu  every  truce  uf 
iDoi.-<ture.  The  portion  of  the  porretain  tube,  where  the 
metal  wire  lay,  was  made  rod-hot,  and  the  gas  ua.<t  iJieu 
pa»sed  through  it. — By  the  decompoKiliiui  nhich  ensue», 
oxide  of  iron,  or  oxide  of  cop)H-r  \s  loimed.  and  nitrovni 
j;a.s  \a  liberated.  AHerttie  ext>erimeDt  is  coded,  the  ueit^bt 
of  the  resulting  oxide  of  iron  or  oxide  of  copjier  is  axcer- 
tulned  by  weigfaing  the  metallic  wire.  The  ijuautity  oi  the 
nilrogeti  is  learned  by  meSMuriugthe -toluiue  of  the  oilrogeii 
pis.  If  (he  compound  thus  unaly.-ied  coalaiiicd  water,  the 
water  ifi  partly  absorbed  by  the  cUorido  of  calcium,  iiud 
when  irou  wire  hiLs  been  employed,  is  partly  decomposed. 
In  the  latter  case,  the  nitroj^n  ^as  is  niin^cled  wilti  hjdro 
gen  gas. 

*  Thenitritp«  of  Bcrnrlnu,  «rr  the cotRpounil«  »htrli,  in  ibiarouKfir. 
Mtf  iuiikUv  trrvml  bjpantliiW.— Tn^wslitor. 
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n  current  of  carbonic  acid  jras  throusb  the  solati<^a. 
precipitates  the  excess  of  barytes.  in  the  state  of  < 
of  bar>-tes.     A  «mall  portion  of  the  carlwrnate  "f  Imuji 
r«mainü  iliKSulvtU,  however,  in  the  excess  of  carbtiuit 
It  is,  therefore,  necessary  to  wann  the  soIutioD,  after  tlaj 
gas  ha.s  been  passed  into  it.    The  prcripitatcd 
of  iNirytc»  in  >--ci>ar»tcd  by  filtnitiun.     'Ilic  filtered  : 
tlun  coQtoinä  nothing  bat  the  nitrate  of  barytes.    It  it] 
cautiuuKty  evapnrated  by  a  gentle  beat  to  dryness,  and  thsJ 
dry  salt  in  »x*ighed.    The  quantity  uf  the  nitric  add  itl 
then  t:alculatcd. — It  in  belter,  however,  to  opcrau:  as  foW 
lows:  To  the  solution  which  contains  the  uiLric  add,  a' 
sufficient  quantity  of  hydrate  of  barytes  is  added,  and  tlt*J 
whole  ii  then  slowly  evaporated  to  dryness.     The  predpi^j 
tation  of  the  excess  of  barytea  by  carljonic  ucid  gas 
omitted  as  unnecessary,  since  the  barjles  acquires  a  sofr' 
cicnt  quantity  of  carbonic  add  from  the  atmosphere,  wbile 
the  cviiporation  i.s  ^lii-.g  un,  to  Iim omv  wholly  convertrd 
into  carbonate  of  barytes.     The  mass  which  bun  bffi 
evaporated  to  dryness   is  treated  with  water,  and  Uwj 
unditiÄolved  carbonate  of  barytes  is  tillered.     The  soluboa  ' 
of  the  nitrate  of  baryles  tillered  from   the    carbonate  of 
barjics  can  be  now  cvuporati^il  to  drjnc-ss,  und  the  quarHJ 
tity  of  Uns  nitric  ai:id  can  bt-  calculated  from  the  weight  of 
the  dry  residue.     But  it  is  far  better  to  precipitate  the 
barytes  from  the  solution  of  nitrate  of  barjtcs  by  the  (ukh- 
tion  of  diluted  !>ul]ihiiric  acid.   The  operator  then  culculatM 
the  quantity  of  thi;  nitrate  of  burytcs  fnnn  the  wei^t  of 
the  precipitated  sulphate  of  barytes.     Tbttt  it  is  very  easj 
to  do,  because  the  quantity  of  the  prcdpilate«t  snlpliatruf 
barylcü  is  to  the  quantity  of  the  nitrate  of  barytes,  as  die 
atomic  weight  of  the  former  to  that  of  the  latter.    Proa 
the  weight  of  the  nitrate  of  barytes,  tlie   operator  tbcs 
reckons  tltc  quunlity  of  tlic  nitric  add. 

Sqiuratifin  of  Nitric  Add  from  Bases  by  Sutpfturic  Adi 
AVhen  nitric  acid  is  combined  nitli  (»».ics,  the  uitralcä  an 
decomposed  in  a  platinum  crucible  by  sulphuric  acid ;  an' 
the  nitric  acid  and  excess  of  sulphuric  acid  are  expelM 
by  exposure  to  a  feeble  red  heat.  From  the  weight  of  Ac 
resulting  snlphutcs,  the  operator  calculates  the  quaulilj  of 
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the  buses.  The  quantity  of  nitric  acid  is  ascertained  from 
tJic  lottft.  It  will  be  understood,  that  this  method  cannot 
be  einployt'd  when  the  .tulphat&s  prodticcd  arc  dccom- 
pusablc  by  mere  i^iitiuo. 

Separation  of  Nitric  Aeid  from  Baxts  Ay  Heat. — l^Tien 
the  nitrates  »re  exposed  to  a  r«d  heat,  they  leave,  in  most 
cajies,  nothiuf;  but  lli«  pure  metallic  oxide.  Tlie  quantity 
uf  the  nitric  acid  can  tlien  bt;  di;temitncd  by  the  loss  of 
wei.i;!)t,  )iruvi<lt^d  uo  water  of  cryätHlli.tatiou  was  con- 
tained in  tbe  salt.  The  compounds  of  nitric  acid  vith  the 
I  metallic  oxide»,  properly  so  called,  do  not  nw^uirc  so  strong 
a  heat  for  their  conversion  into  oxides  a»  the  compounds 
of  nitric  acid  with  the  alcalles  and  alcalinc  cartliH.  The 
latter  cult  only  be  comitletnly  decompotted  by  e\{M>.surc 
to  an  extremely  powerful  heat,  and  then  ibey  attract  car- 
bonic acid  fruu3  tlie  atiuospberc,  unless  protected  from  its 
action. 

Sepnraiion  of  Nitric  Acid  from  Bates  Ay  Sulpkurttted 
Hydrogen  Gas. — The  bascA  can  be  separated  from  nitric 

IRcid  by  anutlirr  process,  which  admit»  uIkii,  in  many  ca^c», 
of  the  direct  estimation  of  the  acid.  Suppose  the  nitrute 
to  be  soluble  in  water,  and  the  base  to  contain  n  metal 
which  can  be  prM'ipitated  froni  solution  by  xulphuretled 

tbydrogeii  ^as.  I'he  base  \s  then  pn-cipitnted  by  lhi»i 
reagent.  The  solution  filtered  from  the  metallic  Knlphiirct 
contaiiiiK  the  whole  uf  the  nitric  acid  and  a  small  <|uiiritity 

tof  sulphuretted  hydrogen.  It  is  mixed  with  a  solution  of 
hydrate  of  barytes  in  excess,  and  is  subsequently  treated 
in  the  manner  ubirh  has  been  described  above.  When 
tbe  whole  is  evaporiited  to  dryness,  the  excess  of  barytes 

I  becomes  saturated  with  carbonic  acid,  while  the  small 
quantity  of  sulphuret  of  barium,  produced  by  tbe  fxccs» 
of  sulphuretted  hydrogen,  is  converted  by  oxidaliun,  first 

■  into  hyposulphite,  and  finally  into  sulphate  of  liaiyieH. 
When,  now,  the  dry  nia-i»  is  tn'ated  with  water,  the  only 
thing  «hieb  dissolves  is  nitrate  of  barstes.  The  solution 
is  altered,  and  treated  with  sulphuric  acid.  Tbo  wei^t  of 
the  precipitated  sulphate  of  borjtes  affords  data  for  calcu- 
latiuf;  the  quantity  uf  the  nitric  acid. 

ft  Drcompoxition  of  insoluble  Basic  Nitrates. — When  nitric 
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acid  is  cmnhinvd  with  u  mvuillic  oxJttt;  which  can  be 
plelcly  prccipitalcd  from  its  .solution  by  sulpbiirettcd 
bydnr^cii  Ki''*,  l)"t  liappcQs  to  Ibroi,  with  ttml  uxulc,  a 
Compound  which  is  insoluble  in  water,  the  aualy&iä  may 
be  imrformod  in  the  manner  to  be  now  describ4Ml.  Man' 
basic  nitrates  rcquirr  ibis  mudc  of  treatment,  in  c 
qneuce  ol'  tbcir  irisubiliibt}.  'I^i'  compound  iii  mi 
with  wntrr,  luid  a  current  of  sulphuretted  Iiydrogeu  pu 
parsed  tliroui;h  the  mixtun^  until  tlir  tnii^  ceases  to 
absorbed.  It  is  bc^t  to  make  the  tnixlnre  in  a  flask  vrfaii 
can  be  cloKcd  with  a  glass  stopple.  When  the  sulphureili' 
hydro);en  |;!i.s  \m»  \wen  ted  iulo  ibe  mixture  for  Home  tii 
the  (lask  i.s  .separated  from  the  ßlass  bottle.  If  the  liij 
then  smells  very  strongly  of  sulphuretted  hydrogen. 
fladk  is  closed  with  tlic  stopple  und  well  shaken.  By  thii' 
means,  that  p<irtion  of  the  compouml  is  decomposed  whtdl 
bad  ])n>viou.ily  eKcape<l  the  action  of  the  gas.  If,  upnn 
reopening  the  ßask,  the  liquid  still  smells  strongly  ofstil- 
phiirctted  hydro^n ;  it  proves  that  the  decoinimsilion  is 
fully  elfected.  If  this  is  not  the  case,  tbc  passing  of  thr 
.•iulphuretted  hydnigen  ffaa  into  the  liquid  must  be  mn> 
linued. — Tlie  siilution  filtered  from  the  nietoilie  sulphn 
is  treated  in  the  same  way  a.s  the  solutiim  obtained  in  s 
similar  manner,  in  thedecompositiouof  thesuluhlenitnWA 
Tliis  mode  of  treatment  bas  been  described  above. 

The  nilrate-t  which  are  insoluble  in  water  cjin  be  nnar 
lysed  equally  well  by  a  process  first  de.Hcribed  by  Mrt- 
MCHKRi-iCH,  j.  (PoGGBNUOKFP's  Aunalcn^  T.  IX.  p.  403| 
and  which  is  as  follows :  A  weighed  quantity  of  ll» 
compound  for  examination  is  trnttcd  with  a  solution  irf 
sulpburct  of  barium,  and  being;  poured  into  a  na»k  nhidi 
can  be  clost-'d,  is  aUowed  to  dieeHt  with  it  for  a  runsidenibk 
time.  The  resulting  metallic  sidphuret  ia  then  bro«*hi 
upon  a  ßlter,  and  the  filtered  solution,  wliich  cootatw 
nitrate  of  baryti's  and  the  excess  of  siilpliiirct  uf  tNirium.  is 
exposed  to  a  current  of  carlwnjc  acid  gas.  By  thijs  uii-ajis. 
tbe  t>ul))Iuiret  of  barium  is  converted,  under  diseagairenirfti 
of  sulphuretted  hydrogen  gax,  into  carbonatL*  of  barvtc*. 
This  decomposition  is  ctTcctc<l  very  slowly,  however,  «aJ 
oflrn  requires  tliat  the  current  of  carbonic  acid  eas  be  Lepi 
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tlie  ba.vs.  The  quantity  ofnitric  acid  is aaccriiuncd  fnim 
I  the  \o8s.  It  will  be  (intlcrstood,  that  this  method  cannot 
tl  be  employed  when  the  siilphaleM  prodaced  arc  det-om- 
i    posubh-  by  mere  i|;tiitiun. 

I  SefMiriUiua  of  A'thric  j^ciil  from  Jinxes  hy  Ural. — Wbcu 
I  the  nitralfH  are  cxpoKi'd  to  a  ttA  hi-at,  Üiey  lra\c,  in  »)o«t 
\  cafie»,  uolhiiiii  but  the  pure  metallic  oxide.  The  quantity 
r  of  the  nitric  acid  can  then  bo  determined  by  the  loss  of 
weight,  provided  no  water  of  cry»itiUlttiation  watt  con- 
tained in  the  salt.  Tbc  compounds  of  nitric  acid  with  the 
mclullir  oxides,  properly  »o  tailed,  do  not  rcqiiin-  sn  slnuie 
a  heat  for  thirir  conversion  into  oxides  tus  llie  ( )hiiii)oiindtf 
of  nitric  acid  with  (ho  aJcaJies  and  alcatine  earths.  'Ilie 
latter  can  only  be  coiii[»le(eIy  deeuDi{K)sed  by  exposure 
tu  an  extremely  powerful  heat,  and  Uu-ii  tht-y  attract  car- 
bonic acid  from  the  atino.spbcrc,  unless  protected  from  its 
action. 

Separation  of  Nitric  Acid  from  Jinxes  by  Hvlplutretted 
Hydroffeu  Gua. — The  biuies  can  be  Heparated  from  nitric 
acid  by  another  prmes»,  which  admitx  ulm,  in  many  case«, 
of  the  direct  estimation  of  the  acid.  Suppose  ihc  nitrate 
to  be  soluble  in  water,  and  the  base  to  contain  a  metal 
which  can  bo  prccipiattetl  from  solution  by  snlphuretted 
hydrogen  pa«.  The  base  \»  then  precipitated  by  this 
reagent  llie  solution  filtered  from  the  metallic  »ulphurt't 
contiiiins  the  whole  of  the  nitric  acid  and  a  small  i|uantily 
of  sulphnrctted  hydm^cn.  It  is  mi\cd  with  a  solution  of 
hydrulc  ol'  baryte»  in  excess,  and  i^  itubscqitrntly  treated 
in  UiR  manner  which  has  been  described  above.  When 
the  whole  is  evaporated  to  dryness,  the  excess  of  barytes 
becomes  sjiturated  with  rarlionic  acid,  white  the  small 
quantity  of  sulphuret  of  barium,  prtHluced  by  ihc  cxccks 
of  suli^uretted  bydrofccn.  is  converted  by  oxidation,  lintt 
into  hyposulphite,  and  finally  into  5ii]pha(e  of  Itar^'tes. 
When,  now,  ihe  dry  matui  iB  treated  with  wamr,  the  only 
thing  which  dissolves  is  nitrate  of  barytes.  The  solution 
{■s  filtered,  and  tn-atrd  with  sulphuric  arid.  The  wcit;ht  nf 
ihr  pri-cipitiiti-«l  sulphate  of  bar)  tr»  alfurd.-«  data  fur  culiu- 
latiiiK  tJic  quantity  of  the  nitric  acid. 

Dectmjuisitioa  of  tnaoliibie  Basic  IVitraUs. — When  nitric 
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hasp  is  calnilalcd  frmn  (hn  vrcisrlit  nf  tlie  reHultinir  sittpl 
of  burylcs  or  .stnintiun.     Tlic  solution  is  tilttreil  and 
exoesfi  of  sulphuric  ncid  i.s  separated  by  bttrytes-wai 
Aficr  which,  the  nitric  acid  i^  cstUnated  by  the  pr 
repeatedly  dcMcrilwd. 

Sppurflt inn  from  Alcalies. — By  fi>M»wiiig,  in  (he  anal] 
of  the  nitrates,  ihr  meÜHMls  which  have  been  dcscrit 
thus  far,  it  is  )M)ss'Me,  iu  most  ca^e»,  to  e^timtite  uol  tml] 
the  quantity  of  the  ba^,  but  also  of  the  nitric  acid.  If  anj 
of  tlio  saltä  contain  water  of  crystallization,  thr  qnantiti 
HKtertainpd  from  the  loss  oxperienced. —  But  then-  are  su 
nitrates,  in  the  analysis  of  whUh,  the  quantity  of 
acid  cannot  bt;  ilirntly  dotrrmincd  liy  c\[>crimrnt,  but  caff'' 
only  be  estimated  from  tlie  loss.  This  is  the  cmar,  for 
exaiuplr,  with  th(-  compounds  formt-d  by  nitric  acid  witk 
the  atculiori.  Such  aitralea  as  these  niiut  be  decomposHl 
by  sulphuric  acid.  The  quantity  of  the  alcali  is  leatnrd 
from  the  Wright  of  the  sulphate  of  hIc-hH.  The  quaulitjof 
the  nitric  acid  is  then  iudiratetl  hy  tlic  losH. 

Ettitiutli/m  of  ?ritric  And  in  Mineral  tVattrs  whicÄ  eonta» 
Jlmline  .Vifro/cf.— When,  liowever,  ritrales  with  olrahar 
buses arecotituiiicd  in  a  sotulioii.uiu]  lheu|>t-ratorisdesinHa 
of  accurately  determining  the  quantity  of  nitric  acid,  lie  bit 
proCcrd  ii.s  follows :  The  solution  is  mived.  in  ii  retort,  «itb 
sulphuric  acid,  and  the  whole  is  distillril  by  a  mtMlcnir 
beat  to  dryness.    The  distilled  liquor  is  oollecled  in  a 
receiver  rontaininf;  Iwiryles- water.      Cart*  must  be  lakw 
durJng^  the  distillütiun,  that  none  of  the  volalilixi'd  arid 
escapes.    The  liquor  in  the  receirer  is  aneruards  sloafi 
evitponited  bt  dryness,  and  the  dr>'  muss  ts  m-ntrd  vitb 
water.  The  nitrate  of  bar)  tes  is  thircupon  disaoJ\i^d,i»iii> 
the  rarbiinute  of  barytes  remain.^;  behind.    If  any  salphiDir 
acid  has  been  driven  over  from  the  retort  durini;  the  dislit- 
latinn,  the  carbonate  of  barjtes  will  be  arconipanied  In 
sulpliutc  of  barytes.     Tbc  quantity  of  the  nitric  acid  con- 
taiited  in  the  solution  of  nitrate  of  barytes  is  lenmcd  In 
pi-e<'ipitathiK  the  barytes  by  i<ulphnric  acid,  as  descnbeJ 
above. — TIiin  method  can  be  emplnyed  uitb  mncfa  advan- 
ta^,  in  the  quantitative  entiniution  of  tlie  nitrie  acid  in  lb' 
mineral  waters  which  contain  nitrates. 
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Anafysis  of  ihr  jXitritn*. •—Tlie  liest  way  to  aualvH»  Ibe 
coiupouti(1.>i  tt(  iiiln>UK  ncid  iü  tu  estiiuate  tliP  quniitity  of 
the  ba»-,  aud  In  nxknit  the  acid  Itoiu  the  loss  experienced. 
Ill«  nitrites  ran  be  dccoiat)0»ed  by  siitpburic  acid  and  the 
<]niintily  of  the  nilroiw  ncId  dctcnnined  from  the  wcinlii  of 
die  sulphate  produced.  The  nitrite.<(  rjin  alsi»  be  decoai- 
poM>d  by  i^iittitii,  io  whirh  rase  the  base  alone  remains 
bebiiul.  It  is  ditlicult,  boncrer,  by  these  methmls,  to  esti- 
mate the  quantity  of  Ibu  water  of  crj-fitalliiMition  in  the 
compound. 

Autiltfsis  of  ifu'  Osittft  of  Nitrogr»  hij  Ttfaition  irit/i  Mftatx. 
— All  the  o\ideit  of  niirofreti  can  bi;  completely  decora- 
pOHcd,  by  being  pn^Hed  in  viipour  over  retl-hot  copper  or 
iron.  This  niethwl  vtas  Itntt  enipU>><;d  by  DliLONC  (Jr- 
tiaUxiI^  Chimi'-  ft  de  Physiquf,  T.  n.  p.  3l9)in  hiarescarchea 
Texptx'iing  the  water-fre«  nitrous  acid.  He  innde  use  of  a 
tube  of  porcelaiu.  in  whiili  he  placed  n  wei|>:faed  qituiility 
of  uell-eieaned  copper  or  iron  «ire.  in  creat  execs».  Iloth 
«nds  of  the  tut)o  were  fiirniähcd  i*ith  I'orks  having  ^hu-u 
tubes  passed  throueb  ibeoi.  Une  of  these  class  tulies 
served  to  lead  the  pas  into  the  pon'elnin  tube ;  llie  other  to 
convey  it  thence,  after  deconipositJun,  to  be  measured. 
The  ^as  issuin;;  from  the  porcebiin  lube  won  always 
pasAed  (brtnivh  a  f;la&s  lube  lilted  with  ehloridc  of  cuhiuni, 
for  the  purpose  of  freeing  it  completely  from  every  trace  of 
moisture.  The  portion  of  the  ]»orcelftin  tube,  where  the 
metal  wire  lay,  was  made  red-hot,  and  the  ^an  ua«  then 
pnssed  thniuiifh  it. — Ity  the  drccitii)M>sitiiHi  which  ensues, 
oxide  of  iron,  or  oxide  of  coppir  is  funned,  aud  nitroeca 
ffas  if)  liberated.  After  the  expertmeot  is  ended,  the  ueigbt 
of  the  resultinL'  oxide  of  iron  or  oxide  of  copper  is  tiscer- 
taincd  by  weijihiiii;  the  metallic  wire.  The  quantity  of  llio 
nitrogen  is  learned  by  measuring  the  Tolumc  of  the  uilrosm 
gus.  If  Ibe  compound  thus  aiiiilysed  contained  Maur.  ihe 
water  is  partly  absorbed  by  tlie  chloride  of  eukititii,  :ind 
when  irxm  wire  bus  been  employed,  is  partly  decomposed. 
In  the  tatter  rase,  the  uitru^en  gas  is  mingled  »ith  hydro- 
gen gas. 

•  ThcnitritMof  Bcnvriu«.  »re  titc Compound»  whtch.in  Ikmcoatftry, 
Mif  iinully  tonsad  h%-pMtiiritM.— TR*x*tiToR. 
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Sejiiirut'ioii  lif  XitrtH/en  Giix  from  other  Gases. — Mixtnres 
of  nitrosen  g'as  with  other  gUiics  are  analysed  i»  another 
iiianiu>r.  It  uiU  \w  bctlpr,  however,  to  treat  of  this  subjwi 
in  the  folhiwing  section,  in  connexion  with  giiKeon.s  ana- 
\ysis  in  grnrnit.  The  methoil  of  cx-umiiiinjC  luixlarvs  of 
ni1ru£)^n  ga»  and  oxyjcen  {;a-is,.-(itcfa  an  atimMph<'rii:  atr.dhaD 
be  spoken  of  iit  the  same  time. 

Seprtratiiin  of  Xitrnfff»  fram  CMorine  and  Jodxae. — TV 
OOtnpoands  of  nitroi^^en  with  thlorine  and  iodine  are  m 
easily  decomposable,  tbat  it  is  ditHcult  In  analyse  ibem 
with  ncriinicy,  and  impossible  to  experiment  apon  them 
nithtint  diiD^cr.  As  thry  he<itnir  d«;f«ni|Mtsrd  intn  tlnir 
elements  by  exposure  to  a  hiffh  temperature,  it  mi^I  inde«! 
be  poKKihle  to  determine  the  re.s|>ertive  proportions  of  tbeir 
con.stiliienl.<i  by  sejmratin^  tliem  in  thiK  manner;  Init. 
unfortunately,  the  products  cannot  be  ver>'  ucrarateif 
collected,  since  tbe  decomposition  is  attended  by  a  viidcDt 
explosion. — If  these  compounds  be  broujflil  into  r«niact 
with  copper  and  water,  dcronip'tsition  cnäiics,  and  ihr 
pn)du(;ti  »n>  compoiindü  <)rco|)|ier  with  chlorine  or  iodia^ 
and  free  nitrogen  t;as.  Tbe  quantity  of  clilorine  nr  iodine 
ran  then  bo  determined  with  acenracy;  and  the  free  niDo- 
Sen  it:as  cati  be  collected  and  measured, 

Septn-ation  nf  Xifrogeti  from  Cnrbon:  Analysit  of  Cj 
Tfts. — The  compounds  formed  by  carbon  and  nitrogen, 
is  to  May,  by  cyanogen,  with  other  substances,  are  of  fcrrsi 
importance.  The  analysis  of  the  ryanurets  can  be  p^r- 
foi-med  by  deferniininii  with  acniracy  tbe  quantity  irf  the 
metal,  and  ciilculalin^'  Ibe  cyanogr^  from  the  luüs.  MtMt 
of  these  compounds  can  be  converted  into  rbloride.t  \>) 
mariatic  acid.  The  decomposition  is  accompanied  bv  tlv 
disenj^asfement  «f  hydrocyanic  acid.  If  ibc  wei^t  of  tl» 
resullinff  rlUondc  i.s  dctcnninrd,  the  composilion  «f  the 
cyanuret  can  be  readily  calculated.  Rut  then  it  iniisf 
contain  no  water  of  crystallisation. — If  the  cyasogei  ii 
combined  with  nietttls  which  can  be  completely  preopi- 
tated  from  .dilution,  as  sulphurets,  by  sulphu  retted  hydrop-« 
jras,  the  decoiiipositifin  may  Ik-  eftccled  by  means  of  ihi» 
^as.  even  when  tlie  cyaourets  are  in.soluble  tu  water.  Ii  >> 
only  necessary  to  mingle  Ibcui  wilb  water  and  to  pa»  * 
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DtcumpntitiffK  of  tUmhlr.  CtfatmreJa  by  itait. — Tile  dimble 
rjaniirrt»  can  also  be  dr<:um|H>^n)  by  beinc  iKniU-iI  JIi  ih« 
oprii  uir.  But  it  miuirc»  a  \er^  loiip-cwitinuL'd  red  ticnt 
to  effect  Ihr  derum  position,  particularly  when  the  com- 
IKttind  coiituiius  cyiinurct  uf  potnsifium  ur  cyanuret  of 
sodiuiu.  The  inutals  uf  the  cynnuretK  arv  thus  coiivrrtcd 
into  oxides,  which  are  anerwurdx  separated. 

EBtitKtttum  of  ihe  iluantily  of  Ci/iinn^m  in  /Ar  donbU 
CytntvreU. — If  tliv  operator  wishes  to  deicrmiDe  tlie  qaan- 
lity  of  ryanof^n  in  the  dotible  cyanuret  by  a  direct  experi- 
tnrni,  h<!  may  pr<M-ced  an  with  t)it<  Hitnpip  cyaniirt-lft.  A 
wt't)itiod  pnrticin  of  the  comptiiind  i*i  i^itinl  wiiti  detituxide 
of  copper,  aud  the  quantity  of  tho  cyaiio^n  im  dclermim^ 
by  e^^tiniatiiisr  the  bulk  of  tlir  t^sooii.i  mixtim;  of  two 
Tolurae.H  of  carbonic  acid  pr&s  witli  one  voluaie  of  nitrogen 
gas  which  \»  produced  by  the  decompttsitioii.  If  any  water 
ia  product^  in  Ibc  expi'hmont,  it  will  have  liecn  contained 
Jn  the  compound  either  as  hygroiuetric  watiT  or  ax  nrj.vr 
ofcTystalltsntion. 

SffMiratioH  of  i'lfttnurrts  from  Watrr  of  (^staUUatwn,-^- 
llie  quantity  of  tho  water  of  crystallination  contained  in 
these  (Mmprtiind»  cbu,  in  a  ifreai  numlicr  of  cases,  Ik*  very 
racily  fNiiuiutcd.  It  in  only  ncccxaary  to  heat  them  gently 
and  lo  ^veigh  them :  the  loss  experienced  eircs  the  qnao» 
tity  of  wnlcr.  Tlie  compounds  of  protucyanuret  of  in»n 
with  cynnurci  oi  potassium  and  cyaniirct  ol  sotlium  lose 
Üicir  water  of  crystallisation  completely,  if  placed  for  soma 
time  either  in  a  warm  situation,  ur  near  a  quantity  of  kuI- 
phnric  arid  under  the  receiver  of  an  air-pump.  On  (he 
contrary,  howcter,  the  com|)oundii  of  pnilia'yanuret  of 
iron  witJi  ryanun-1  of  bariuin  and  cyannrel  of  i  alcium, 
retain  n  small  portion  of  their  water  with  much  obstinacy. 
Thiti  ran  then  b«  {■.tllmateil  only  by  decfimjaisinf;  the  rura- 
ponnd  with  deiitoxide  of  copper. 

Anahfnu  vf  i.')fanous  and  Cyanic  Acids,  and  of  the  Ci/amles 
and  Cyanatra, — Willi  rci^pccl  lo  the  compounds  of  cyanogen 
with  oxre*?n,  and  those  formed  hy  tho  combination  of 
cyanous  and  cyanic  acids  uilh  bases,  their  analysis  is 
most  accurately  cfTectod  by  determining  ex|)erimentiilly 
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ric  acid.  At  a  lower  temperatnre  these  com^unds  diswlTe 
in  concentrated  sulphuric  acid,  without  undei^oing  decom- 
position. When  the  decomposition  has  been  effected  by 
heated  sulphuric  acid,  the  constitution  of  liie  cyannietcu 
be  calculated  from  the  weight  of  the  resulting-  snlphate. 

Decomposition  of  double  Cyanurets  by  Nitric  Acid. — ^Tbe 
decomposition  of  these  double  cyanurets  can  also  be  effected 
in  a  great  number  of  cases  by  the  process  which  f<^vs : 
A  weighed  quantity  of  the  compound,  in  a  pulverised  state, 
is  placed  in  a  matrass  and  treated  with  fuming  nitric  acid. 
When  the  action  of  the  acid  is  over,  the  matrass  is  exposed 
to  a  continued  heat,  and  muriatic  acid  is  added.  The 
metals  which  were  combined  with  the  cyanogen  are  thus 
converted  into  oxides.  The  weight  of  ihe  latter  is  tbes 
determined,  after  which,  it  is  easy  to  calculate  the  qnantity 
of  the  cyanogen,  provided  the  compound  contained  no 
water  of  crystaUisation. 

Decomposition  of  double  Cyanurets  by  Peroxide  of  Mtr- 
cury. — The  decomposition  of  these  compounds  can  often 
be  effected  by  peroxide  of  mercury.  If  the  solution  of  sacb 
a  compound,  or  when  it  is  insoluble,  if  the  powder  minted 
with  water,  be  boiled  with  an  excess  of  peroxide  of  mer- 
cury, then  the  metals  combined  with  the  cyanogen  beccHiie 
oxidised,  while  the  reduced  mercury  combines  with  the 
cyanogen  to  form  cyanuret  of  mercury,  which  dissolves. 
When  protocyanuret  or  percyanuret  of  iron  is  contained  in 
the  compound  submitted  to  examination,  the  iron  is  con- 
verted into  peroxide  and  precipitated;  but  its  precipita- 
tion is  only  completely  effected  by  a  long  digestion.  Tbtt 
solution  is  filtered  and  the  precipitate  is  ignited.  The  excess 
of  peroxide  of  mercury  then  volatilizes,  and  the  peroxide 
of  iron  alone  remains  behind.  This  method  of  decomposi- 
tion appears,  however,  to  be  one  of  those  which  are  littk 
deserving  of  recommendation,  since  the  peroxide  of  mer- 
cury is  incapable  of  effecting  a  complete  decompositim. 
If  the  cyanuret  contains  cyanuret  of  potassium,  ibts, 
according  to  C.  Gmelin  (Schweiggbr's  Jahrhncfc, 
T.  XXXIV.  p.  331),  the  precipitated  peroxide  of  iron  is 
contaminated  by  potash,  which  cannot  be  separated  by 
washing  the  precipitate. 


ANALVSIS  OK  CVAMATKS. 

TtffomjHuitioH  of  tiombU  Cf/aHureJn  hi/  Heat. — The  doulilo 
rjuniirrtx  can  also  be  drcnm]X).M'«I  l>y  ln^iiij;  ifnitrd  ill  llie 
opcii  uir.  Bin  it  rt-qnirrs  a  wty  loiig-contiimcd  rttl  beat 
to  eflfoct  the  decomposition,  iiarticularly  wlien  the  com- 
pound contains  i-yanurct  of  [wtiisHium  <n  rynniiret  of 
sodium.  Tlic  melalH  ul'  t\\e  vymiurvls  are  ibiiit  convenod 
into  oxides,  which  are  alterwards  separated. 

EstiaatioH  of  tMf  Quantittf  of  Ci/imofieM  in  the  doitblt 
I'l/tiHurcU.—W  titc  uperator  wiitbes  to  dcKrtiiin«  th«  quan- 
tity  of  cyanoevn  in  the  double  cyaniirct  by  a  direct  cxperi- 
meiil.  he  may  prwecd  a»  wllh  the  simple  cywniirew.  A 
Wfii^faed  pitnjon  of  the  compciitnd  in  ignited  uiih  deiitnxid« 
of  cop|irr,  Hud  the  quantity  of  the  cyanogen  i»  deleniiini>d 
by  e.tljniatine  the   hiilli  i>f  the  s:itsc4m.H  mixtiirr  of  two 

lames  of  cafhonic  acid  gtks  witli  one  volume  of  nirri)).'(-n 
I  which  is  pnKluced  by  the  decompiwition.  If  any  «alcr 
iroducrd  in  the  ex|H>ritai-nt,  it  will  havel>e«n  contained 
in  tlie  compound  cither  an  hygronietric  water  or  ax  nutcr 
of  crystnltbtation. 

SfjtaratioN  of  (.'yanvreta  from  Water  of  Cr^staUimtiom. — 
'rho'  quantity  of  tho  water  of  cryntalliiwtion  ronlained  iu 
Iheso  conipt^iirid)*  rnn,  in  n  i^rent  number  of  cases,  bo  very 
easily  estimated.  It  is  only  nccejwary  to  heat  ihem  geiilJy 
and  to  wci^h  them :  the  Iom  ex|>ericnccd  eivc!«  the  qaaa- 
ty  of  water.  Tlie  compouuil»  uf  proiuiyuuiin-t  iil"  iron 
^vlth  cyaimrrt  o\'  pota-s.-^iuni  and  cyanurL-t  of  soilitim  lo»e 
their  water  of  crystallisation  completely,  if  pliuTd  for  some 
time  either  in  a  uami  silimlioii,  or  near  a  quantity  of  muK 
phurir  acid  under  the  receiver  of  an  :iir-pump.  tin  llio 
contrary,  howcrer,  the  compounds  of  prolocyaiiutrt  of 
iron  with  ryanun-l  of  barium  and  cyanurrl  of  calcium, 
retain  a  small  portion  of  their  water  with  much  obstinacy. 
This  can  thi-n  be  cxtimuted  only  by  deromposing  the  com- 
pound with  dt'utoxidp  of  copper. 

ÄHai^siit  vf  i.'yaaotti  and  Cyatttr  Aciitx,  and  of  the  Cj/ailite$ 
md  CyaKatm. — Wilfa  reaped  to  the  compounds  orcyano^a 
with  oxyinrn,  and  tliosc  formed  hy  the  combioatiou  of 
cyanous  and  cyanic  acids  with  bases,  thoir  unalvHis  is 
most  accurately  rlfected  by  detcrniininr;  experiroencally 
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tiie  quautity  of  ihe  ba^e.  II"  llic  O|wrator  wulics  lo  deter- 
mtnc  ill  thi^  jiittnu  manner  the  quaiitity  of  the  cya&OReo 
coiitaiiied  iu  the  acids,  then  a  wei^liecJ  c|tiantity  of  the  salt 
in  uhii'h  the  quantity  nl*  the  Iiuki!,  aud  coiisequrntJy  (hat 
of  the  ai-id,  huK  alrt-mly  Ueeu  dclL-niiined,  is  is^iiititl  uilh 
deatoxide  uf  copper.  The  decomposition  affords  a  caat'oos 
mixture  of  two  volumes  of  carbonic  urid  gus  wilb  one 
volunto  of  nitroseii  saa.  The  quantity  of  the  cyanogen  U 
readily  determined  Iruni  the  bulk  of  tfai»  mixture.  To 
detenuine  the  quantity  of  the  base»  in  the  cyaniteit,  tfaen 
are,  SLCordinii  t«  Wbni.EK  (Poggrsdorfp'.s  Annalcifc 
T.  1.  p.  117),  a  variety  of  methods  of  proceeding.  A  weiglwd 
quantity  of  the  salt  is  exposed  to  the  action  of  a  current  i 
dry  ehl'iriue  tr-x^,  ihc  Milt  btiug  in  tlie  mean  liuie  beatwil 
liy  a  e^^irit  lamp.  The  apparatus  niquired  for  liiiu  e\pFi)> 
inent  is  8ucb  as  that  represented  at  page  S3.  The  decooi- 
position  aliordi«  a  lar^ie  qnantity  of  carbonic  acid  ^as  and 
of  UMiriiitf  ol'  Rinnionin ;  which,  if  Ihr  tuhi:  l>r  too  iiarro«. 
can  occasion  a  &lop}>afrc.  The  mariatc  of  uminonia  mui 
tlierefore  he  rontiinmlly  expelled  from  the  tube  by  Üw 
application  of  heat.  When  the  ap|Kiratus  i:«  cold,  tlir 
resulting  melatlic  chloride  in  ueighed,  and  the  quantity  of 
the  nirtttllic  base  is  calculated. 

As  the  cyanous  acid  cxistiiit;  in  com|>ounds  which  tut 
soluble  in  water,  readily  decom|K>ses  into  oninionia  and 
carbonic  acid,  in  consequence  of  which  the  baües  beconw^ 
converted  into  carlHinate-s,  it  is  possible,  according;  >*V 
\V  oHLUK,  to  derive  bcticlit  from  tlii.t  pmpcrty,  in  ibo  aiui> 
lysis  tit  such  cyunik-ä.  The  aalt  in  moistened  iu  u  platinoin 
crucible,  and  is  aherwards  gently  dried  and  iiniil»!.  Tbi^ 
operation  is  repeated.  Aimnoniu  is  disenfjaged,  and  ilir 
KuUsiance  rcniaiiiiiig  is  the  base  of  the  cjauite  in  cumbi- 
liation  with  carbonic  ucid,  proiidiuu;  that  the  carbonic  aciil 
ha»  nut  been  driven  away  by  thti  i^uitioii. 

The  cyanites,  whether  dis^lvcd  in  water  or  insoloble  i> 
water,  can  also  be  decomposed  by  muriatic  add.    TIm 
mixture  of  cyaiitte  und  muriatic  acid  is  evaporated  to  drr-^ 
ness,  and  the  resiilue  i;«  ij^mied.  The  wei);tit  of  the  rextdtinf  S 
metallic  chloride  indicate!«  the  couipositiuu  uf  tlie  cyaniie. 
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I      — The  baiics  u'liirh  may  be  combined  with  ryanoiis  arid 
I     rail,  brsidrs.  lie  separatrd  from  llicir  solutions  in  water, 

^ucvo^llitlK  to  the  mclliuiils  dcMTilxM  io  Uir  itrcctnlin^  »c€- 
Itons.    The  cyuiitcä  which  are  insoluble  in  water  require 
only  to  1m>  disKolved  by  an  iiiid,  in  pcnnil  of  tim  qiiantita» 
(     tire  estimation  of  tlie  U-Aixi  by  tJie  usuul  prucCAMS. 


U.    HYDROGEN. 

QtHintif'ifire  JCtlimation  of  Ht/drot/en  Gat. — When  hydro- 
gen, in  t)ie  Mate  of  gas,  is  mixed  with  ulher  gaw«,  an,  for 
t'SLttiiipIr,  with  oxypen  gas,  the  «pemtor  dctcnnincs  the 
\uhimr,  and  thereby  thtr  qtiuntity,  »f  tJie  hydro^i-n  pati, 
I'roui  the  diiuiuuliuii  ol'  bulk,  which  (aLcs  place,  vihon  the 
RJUKOiis  tiiixtnre  nC  hydrugcn  and  oxyjjeti  is  iuflamed.  The 
diuiintilioii  of  bulk.,  if  oxygen  ^s  rt-iuaJn  l>ehiiid,  indicates 
the  voliiiiiL-  uf  thL*  hydrogen  ga« ;  it  is  two-tiiirds  of  the 
volume  of  gas  which  has  disappeared. 

DacrifttiuH  amt  i'se  of  the  Kudwrneter. — Tlic  analyst 
employi;.  in  this  cxperiuicnt,  en  iuittniment  of  which  a 
representutiun  is  given  below.  It  consists  of  a  gloiis 
tube  'J,  »hich  miiKt  l>e  of  thick  glasK,  rinsed  at  one  end, 
und  ofH'n  al  the  olhcr.  Near  lite  irlositl  end,  two  wires  of 
iron  or  platinum,  h  and  c,  jnisa  through  the  glass.  They 
mu^tl  lit:  ccmeuted  into  tlie  tube  air-tight,  or  fused  in  witli 
two  thin  glass  tiilii'S,  and  tliey  iiiubl  Ik>  ho  situated  within 
the  tube,  that  their  points  may  stand  op]>osite  lo  one 
anuther  al  ibe  diMaiice  of  one  or  more  tines,  but  tlie  points 
lunat  not  come  into  contact.  Tlie  cnd.s  of  the  Ino  wires 
outside  the  tiil>c  may  he  rounded  off.  The  s|mico  within 
the  lube  I«  now  to  be  divided  into  cqnal  parts.  In  ex- 
periments performed  merely  lu  tiiid  ihen-lative  projitirtions 
of  mixed  ga.<t(-.s,  the  divisions  can  be  arbitrary;  in  other 
cases,  purtieulurly  wheu  the  weight  uf  the  sululaure  is  tn 
be  reckonctl  from  the  measured  vtdume  of  the  gas,  the 
operator  employs  as  a  meaiture  o\'  unity,  the  bulk  of  a 
cvhie  cmtimetfr.  Tlie  method  of  producing  an  aceuntte 
division  of  the  tube,  is  as  follows:  Tlie  operator  closes  a 
snutit  filuss  lube  at  one  end,  and  then  tills  it  with  as  much 
mercury  as  occupied  the  bulk  of  u  cn^ic  ecntimt'lirr ;  tliis 
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biük  ift  equa]  to  that  of  a  iTonime  of  \t  atcr  at  tht 
tore  of  30-2'  Fahr.».    To  till  the  same  spnw  with 
cury,«otnnny  Kmnituc»  nf  that  metal  must  bt-  laieuu 
speciHi-  f^avlty  of  the  mercury  eni|ilo_vpcl  iä  greaipt 
til«  Hpecifit:  gravity  of  wratpr.     Tlu-  upper  part  of  tlw 
^la^-i  LuIm;  is  then  rut  titf  quite  close  to   the  surface  c( 
mercury,  and  the  fM]^:cii  of  the  tube  are  {;roun(l  away  aar 
or  le.<s,  accorduiic:  as  it  may  l>e  requisite.     In  tfaU  amb' 
it  is  brought  to  pass,  ttiat  wIumi  the  little  tube  is  lilltd  «-^ 
mercury,  and  the  excess  of  mcreary  in  remnved  b;  ■  hnlr 
plate  of  ground  glaj*8.  then  tire  little  tul«'  roiitainspsarlh 
tut  much  mercary  as  is  equal  in  bulk  to  a  cubic  rrntinrtff 
This  cubic  centimeler  of  mercury  is  now  poum)  into  At 
gla-ss  tube,  which  in  to  \*c  grnchiiitiil ;    ihc  glass  tobrii 
placed  ill  a  position  perfectly  |>crpeitt]irtilar,  ondlbepoiu 
to  which  the  mercury  reaches  is  inorkod  on  the  tratcürrf 
the   ßlass   tube  by  meanx  of  a   writin|*   diiimnnd    IV 
operation  i.s  repeuled  in  the  .same  niiiimer,  until  the  r 
ntion  of  the  plass  tube  is  completed, 

Th«-  pnircss  of  analyHini;  the  Ernscoun  mi\tun-  is 
followit:  The  gta»H  tube  i»  llllcdwilb  fnereurv.  care 
taken, in  lillinpft,  to  expel  thcliltle  bubblt?s  of  nlmnsplm 
atr  which  are  apt  to  adhere  to  tlie  sldt-s  of  ibr  tube.  11 
effect  this,  the  operator  6)1«  the  lube  at  lirst  not  qoitrfl 
of  niert-ury;  he  then  shakes  the  mercury  up  ami  tlimoih 
tube;  and  Onally,  nilw  (he  interior  sides  of  the  tn 
the  plume  of  a  feather.  The  tube  being  then  co' 
filler!  with  menury,  i*  placed  in  a  tntttgb  of  mercurr.ot 
a  small  quantity  of  the  gaseous  mixture  which  is  U  b 
examined,  is  parsed  into  llic  tube.  TheT«u|Min,  tbrcltf 
tube  a  is  placed  in  a  larger  glass  r,  which  must  be  W 
with  mercury,  and  he  at  least  as  tall  ur  the  fclass  tob« 
To  be  able  to  transfer  the  tube  a  from  the  trough  to  * 

*  Id  England,  the  ndri*  inek  i«  gmontUy  etnplovcnl  u  Ar  !■■* 
of  unit)*.  A  cubic  iuch  a  «(uivaUiRt  to  16'38fil7a  cubic  cmMimn» 
A  cubic  incb  gf  water  n\  thn  Irniperaturw  of  03*  K'nlir.  and  3«  dxtai  V 
buom.  prewnre.  weigh« 'iSa-«*  troy  Krntiu.  A  cubic  incb  ufornr 
ai  the  wunc  tcmpcrntiirt.  neighs  3426-3S  grains.  The  huBdndll  f^ 
of  n  riibir  iiirh  of  mi^rrury  wei^  34'2a  |i-nitna  nearlv.  The  cn^* 
M    c<iiimI  h>  IV438  tray  |fniitu.~Tiu\SL«ToR. 
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ftlasri  e,  til«  tube  is  tiluccil.  while  in  the  trough,  in  a  amall 
porcelain  rniciblo,  and  is  removed  in  thi«,  into  the  filasa  «. 
The  üp<'rator  ihen  pn^üse.«  down  the  lube  «,  until  the  nier- 
cury  u'tthiii  and  without  (he  tube  is  on  »  levri,  iiprm  ubich 
the  volume  of  titc  gaseous  mixture  can  be  ileterniinecl  with 
accuracy.  That  the  tulnr  may  be  held  steadily  in  the  mer- 
curv,  it  is  pincheil  between  the  checkis  ol'a  holdfast,  which 
«m  be  screwed  higher  or  lower  on  an  upri^t  wooden 
sapport,  as  shown  in  the  subjoined  fij^irc. 

The  RaJicoiis  mixture  or  by- 
dro^n  and  oxygen  is  thereupon 
inflamed  by  an  electric  spnrk. 
The  liest  way  to  give  this  »pnrk, 
in  to  wind  one  end  oC  n  mctalbc 
f-haiu  »r  wire  about  the  wire  h, 
and  the  other  end  of  the  i-hiiiu  or 
wire  ubuut  the  outer  eimtiitf  of 
a  charged  Leyden  jar  tl;  things 
being  thus  prepared,  the  knob 
of  the  jar  is  brought  into  con- 
tact with  the  wire  c,  upon  which 
springs  through  the  gaseous  mixture, 
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an  electric  spark 

from  r  to  h,  und  the  giiH  is  influmrd. 

If  the  ^;u»i;t)us  mixturt;  cou-tiatrd  »f  two  vulumea  ul' 
hydrogen  «a^  ^ith  more  than  a  volume  of  oxygen  gas, 
then,  iifler  the  detuuation,  there  remains  behind  prcci-wly 
m»  much  of  (he  oxygen  gaji  as  oxijtted  In  tbo  mixture  In 
excess  above  the  quantity  which  was  requisite  to  combine 
nith  the  hydrogen,  nainrly,  one  half  the  volume  of  the 
hyilrogcn  gaji.  The  el<i.ss  tube  a  i»  then  sunk,  into  tlic 
mcrcory,  until  the  mercury  which  U  within  the  tube  is  on 
a  level  with  that  mi  the  outside:  the  volume  of  the  resi- 
dual oxygen  ga.s  is  then  mcuxured.  Ah  ih«  guA  which  Ik 
made  to  disnpiMnir  by  tbe  detunutiori,  couiii:tts  of  tno 
Tolumes  of  hydrogen  gas  to  one  volume  of  oxygen  gas> 
it  is  cftsy  to  tind  tlie  relative  proportions  of  the  mixed 
gases. 

If  tbe  gaseous  mixture  consisted  of  two  voliraies  of 
bydrugim  ga.«  and  Icks  than  nne  volume  of  oxygi^n  gas, 
tlien  the  gu»  which  remains  is  hydrogen  giis.     The  openi- 
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tor  mcASures  the  volume  of  the  remuiniu^  hydro^n  ^.u, 
and  calculates  from  the  qtiaiitity  of  gas  which  ha^  disap- 
pcarctl,  the  relative  proportious  of  oxygen  and  bvdrojrt-n.  M 
When,  lioivcver,  it  is  not  kuon-n  whether  the  gas  nhicfaS 
reinaiDS  afler  the  detooatioD,  be  oxygen  gaa  «r  bydru}^ 
gas,  then,  »t^er  detcrminini;  (lie  volume  of  the  remainiiif^ 
gait,  au  addilional  portion  of  oxygen  gas  is  iiitr<iductd]V 
This  oxygen  gas  must  not  be  in  less  quantity  than  half 
the  volume  of  the  gus  to  which  it  i»  added.     An  rlcctrioj 
spark  is  again  pa^cd  through  the  gnseoiu  mixture.     If  ill 
produce  no  diminiilion  of  bulk,  then  the  gas  which  re- 
mnined  al)er  the  ürttt  explosion  whs  oxygi^n ;  if,  on  the 
conlrar>'.  it  produce  a  diminution  of  bulk,  tbeu  the  gu, 
which  formerly  remained  was  hydrogen. 

Preparation  of  pure  Orytjen  Gns. — The  requisite  quail-' 
tity  of  oxygen  gas  is  prepared  as  follows :  A  small  quontitj 
of  chlorate  of  pota-th  is  pla<:ed  in  a  Kmall  glass  bnlb, 
blown  on  the  end  of  a  gliuM  tube,  nml  tli<;  upper  part  of 
the  gla:t!f  tube  \»  then  drawn  out  to  a  line  point ;  the  pan 
or  neck  so  drawn  out  is  bent,  at  the  same  time,  in  sucht 
manner,  tliat  (he  whole  apparatus  assumes  the  form  of  i 
little  retort.  TUn  ehloriite  of  potiuth  in  then  melted  by  the 
llame  of  u  small  spirit  lamp,  and  when  it  is  perectred, 
from  the  rnpid  disengagement  of  gas,  that  oxygen  gas  is 
set  free,  then  the  point  of  the  glass  tube  i<i  melted  and 
»caled  up.  The  little  retort  is  then  allowed  to  cooL— 
Whenever  the  analyst  desires  to  add  a  little  pure  oxyga 
gSH  to  another  ga-s  he  breaks  off  the  end  of  the  little  Mtm, 
brings  the  ehlonili^  of  potash  into  fii.sinn,  and  passes  llw 
end  of  the  little  retort  into  the  mercury ;  the  disengaged 
oxygen  gas  then  rises  into  the  glass  tube. 

It  remains  still  to  be  remarked,  that  a  gnsrous  mixtiirr 
of  oxygen  and  hydrogen  is  mit  inttiitncd  by  the  electiir 
sparic,  when  tlie  volume  of  one  of  the  gases  is  in  too  Urec 
a  proportion  in  relation  to  the  other.  If,  for  example,  dv 
gascou.s  mixinrc  contains,  «ccordingto  Davt  (Gilbeit's 
AnnalcD,  T.  LV.  p.  101),  14  volumes  of  oxygen  gmü,  or. 
according  to  HuMBOi-nT  and  Gav-Lu89Ac  {(■ilbert'!' 
Annalen,  T.  x  x .  p.  5a.),  oidy  ^^  volumes  of  oxygen  gat  b» 
1  volume  of  hydrogen  gas,  or  if,  on  the  contrary,  it  conlain^ 
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K    arconlJnf;  lo  Davy,  2f)  volumes  of  bydrofccn  gas  to  1 
I    Tolunie  of  oxyi,f?n  g»H,  il)«n  the  electric  spark  occasions  no 
detonation.     By  what  methods  the  anüIvKJit  is  to  he  ron- 
ductcil  in  such  ciutcs,  ^vill  hv  (Icscribrd  liirtliiT  un. 

A»  Ihv  KiUicuuK  mixture  of  o.\yit:en  and  h>drO){cu  expands 
at  the  moment  of  intlanunalton  lo  a  vor)*  4>xtni(inlinar]r 
extent,  it  is  m-ccssury  thai  tlic  voluiue  of  the  j;aM!UUs  nii\- 
tore  (o  be  examined,  should  occupy  but  tbe  iliird  part  of 
the  cnjjarity  of  the  cudiuniclcr  in  which  the  detonation  in 
tu  take  plucr.  Ef  llic  volume  of  tlie  guMcon»  mixture  sub- 
mitted to  analysis  were  permitted  to  be  larger,  the  operator 
would  mil  llie  risk  of  iiavini;  a  |H>rlion  »fifiLt  forre<l  uilt  of 
tht'  tulif>  at  the  nionu-nt  of  inlliimmatioii,in  eonKccittenceot' 
the  great  t>\ jNULsitm  produced;  andtbc  experiment uunld, 
of  course,  in  Lhnt  case,  be  altogether  inaccurate. 

Mitschcrlirli's  KNii'wmehr. — Since,  however,  it  is  desir- 
able, io  accurate  in(]uinci(,  not  to  work  with  too  triAJnf( 
quantities  of  (,'»«.  the  opemtor  may  employ  in  thowe  expe- 
riments a  different  sort  of  eudiometer,  which  hait  bv«n 
recommended  by  Mitschbri.ich.  It  is  di^tingnished 
from  the  common  drtonutinc  I'uilionu'trr,  by  liavinK;  two 
Itoles  boixrd  in  the  fflass  lube,  opiKuitc  to  one  another,  and 
near  the  open  enil  of  the  lube.  These  boles  are  ronde 
siiflieienlly  \ara,i  to  allow  of  the  insertion  of  a  cork,  whieli 
cork  must,  at  the  same  time,  close  the  tube  air-tight.  The 
class  lube  may  be  tilled  nearly  to  this  cork  with  tJie 
gaseous  mixture,  and  yet  no  fear  of  the  burriting  of  tJie 
tube  need  be  entcrtuined,  on  the  passing  tbrough  of  tJie 
electric  spark. 

Uk  of  Ptatinum  in  the  Anai^sis  of  Oasrouf  Oxytfen  and 
Hydrogm.'— In  c\)M-rimrnts  of  ihis  description,  the  combi- 
nntton  of  the  £•'■■**''*  ean  not  only  be  indiired  by  tbe  electric 
spark,  but  also,  according  to  U(>b»:ki:inem,  bj  tinely- 
diridcd  platinum:  when  this  substance  is  introduced  into 
n  mixtiin*  of  oxygen  ffan  and  hydrogen  ^s  over  mercury, 
the  combiiiaiiou  of  the  two  ^um-s  lo  water,  is  clTecled  in 
the  same  manner  us  if  an  electric  spark  had  hern  {Hissed 
through  tbe  mixlure.  One  part  of  .spongy  platiriiiin  is 
mixed  with  lour  parts  of  clay,  and  formed  into  a  ball,  to 
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which  a  platinum  wtrn  in  fastened.  Tbc  platinaro  vtin  is 
bound  to  a  Ane  it^iitcd  iron  wire,  aud  the  ball  i»  ccullj 
iunitcd,  and  then  passed  thrttiiirh  the  mprcnry  iDto  tb< 
>^s<>oiis  miiLturv.  The  L-oiuliiiiiiUoii  ottUt-  uxyiren  put 
hydn>{ri>ii  ^a»  naw  {gradually  proceeds  of  itself,  that  iit  t« 
»ay,  if  the  prt>iMT  quantity  of  clay  has  been  added.  W 
the  dituiniition  of  the  hulk  al'  the  rctniiinin^  gas  ceases 
take  place,  the  ball  is  withdrawn  from  the  tnbe  by  mc 
of  the  iron  uir«,  and  the  volumt!  uf  lb«-  remaining  ß»»'  i 
di^ttirmini-d.  Thi.'  ii]>eratiim  in,  in  otliur  Fe.<ijM>ct8.  toitducitd 
like  those  wbic^  have  been  described  above. — The  eatj;Aaf- 
ment  of  »pon^y  platinum  has  the  ^-eat  advantiiKC  tlüt  it 
Tenders  it  unnecessary,  in  lliv  analysis  of  Ki>^>-'i'u»  mvu 
tuKs,  to  use  cudioioctcrd  with  wires  of  metal  cemented  or 
fused  into  them.  This  prorexs,  however,  does  not  fir« 
.such  ucrurutv  rcüulls  as  ihr  di^tiniation  of  the  gtiseoi 
mixtun-  by  the  ulrrtric  nparli.  In  accurate  inquirir: 
theix-fore,  the  s|>onKy  platiniuu  must  not  be  enipluy 
But,  io  those  cases  in  which  one  of  the  fcascs  f%  faich 
utitute  the  gaseous  mixture  to  be  examiucd,  ij:  iu  ito  larp 
a  proportion,  in  relation  to  the  otJier  r»«,  that  no  iullaia*. 
tnalion  can  be  produced  by  the  electric  spari^,  then  thit 
method  of  nnalvsis  by  mcan.s  uf  Ihr  platinum  ball,  tony 
employed  witJi  great  advantage:  the  bull  maat,  iu  sudi  > 
case,  be  mnde  with  mure  platinum  and  less  clay.  Acconl* 
inp  Id  Ti.RNHH  (P()i:i:kkihiri'k'.s  Aniialen,  T.  it.  p.  SIO). 
a  combination  of  the  pisf:a  can  lie  ctTecfed  in  thiü  maimr, 
even  when  the  proportioa  of  one  ^os  to  that  of  the  otbif, 
is  as  1  to  100;  it  is  then  ncce.ssar>'.  bowt-vcr.  to  emploj 
tubes  of  lar^c  diameter,  for  in  small  cuIks  the  cxpcnaa^^ 
goes  forward  ver>'  slowly.  ^^^| 

Prwaatiom  to  he  taheit  i»  all  eases  of  Gaxeout  AnaJyiSS^^' 
In  these  e:^|>crlmentit.  a»,  generally  speaking,  in  alJ  ihoM 
which  concern  the  quantitative  analy.sis  of  gases,  a  pan>- 
cular  decree  of  attention  must  l>c  bestowed  u|H>n  thm 
circumstances,  which,  in  the  quantitative  aualysi»  of  «tU 
bodies,  have  n»  occasion  to  be  attended  to;  and  Ifaiii 
attention  requires  to  be  paid  to  th«>iie  circumstances  in  tk 
most  particular  uiaiiner,  when  the  gzae»  operated  upsa 
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are  in  larxe  quantities.  If  no  atteution  bv  paid  to  theRe 
cirt'UiiKitanceii,  tliu  ri'su)l£  allbnled  by  the  experimcDiä 
caa  often  be  extremely  ftiulty. 

Corrtcliim  of  (iasraus  Volumet  for  Temperatur e.~'Vhe&nt 
of  these  three  rirm instances  ifl  the  observation  of  th« 
temperature  at  «  hieb  the  expcrimcpt  is  ptrl'onncd.  When 
the  volume  of  a  gaä  i»  to  be  measured,  the  pfas  mut<t  have 
the  name  teuiperalure  a»  tho  circumjacent  air.  Wlien  a 
mixture  ol'  ovvffen  pas  and  hydrofren  gaa  has  been  ex- 
pludrd,  nnd  the  remuining  ^»n  h<is  tn  lie  nien.s{irrd.  the 
opiTHtor  mnKt  wait  for  snvav.  time,  to  allow  the  icns  and 
t«l>e  lo  c«ol  properly.  Hut  if.  from  the  instiint  at  which 
the  volume  of  the  gaseous  mixture  employed  in  ihe  expe- 
rimcDt  was  lirmt  measured,  to  Ihe  instant  at  which  the 
volanie  of  the  remaining  gasen  is  estimated,  any  rhnn^  of 
IciiipcmliiTE-  hfi.s  lake»  place  In  the  chamber,  then  a  cor- 
rection n*()uire.i  lo  he  maile  on  the  last  rat:aaun;mcnt,  to 
provide  airainflt  erroneous  results.  This  corre<rtion  rei|  iiirc.4 
to  \*v  made  in  all  the  ca-ses  of  gmieous  analy.iiii  nhich  will 
be  spoken  of  hereafter.  Whenever  a  volume  of  any  f[us 
measured  at  a  certain  temperature,  is  to  be  compared  uith 
anolhrr  volnme  mcanurccl  «nd  weighed  at  u  totally  different 
trn)|)cratiire,  witli  a  virw  to  ascerljun  the  wei«:ht  of  tho 
first  volume,  this  correction  must  invariably  be  attended 
to.  Since  all  fraiies  expand  when  heated,  at  the  rate  of 
<k-0(K$7ri  of  the  volume  which  they  occupy  at  0',  for  every 
de^ec  of  the  ceniigradc  thermometer*,  it  is  necessary  tn 
^eatculalc.  In  the  tirst  place,  what  would  tic  the  volume  of 
the  nieasured  frns  al  the  temperature  of  0'.  It  is  then  en.sy 
to  hnd  how  much  must  have  been  added  to  this  volume 
when  Ihe  gaw  huK  liecn  measured  at  any  tcra|>eratnre 
alxivL'  0\  SiipiMiKC,  for  example,  that  ItM)  voIuiuch  of  ^ik% 
have  been  measured  at  the  lemperalure  of  +  10"  cenli- 
^jade,  and  that  it  w  to  be  adccrtainod  by  calculation  how 
many  vitlnmes  this  qinintity  of  ^»i  would  occupy  at 
-1-  W  cent.  If  the  lltU  vulumes  had  been  measurt'd  by  W, 
anil  llie  temperature  had  afterwards  been  raised  to  +  10\ 

•  The  increase  in  rolunic  fur  every  dep*«  ui  liwit.  ivrd>rdii»((  tit 
Fihr«iib«il'i  «cull-,  i»  jj„  imrt  of  llic  volume  nl  a'2°  Falirtnlieil,— 
TamstiTOR. 
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tlic  pis  would  have  been  iDcrea.wd  10  x  0-00375  or  OiUffli 
of  iU  volume,  nnd  would  then  occupy  103-75  TohiTne».  If 
the  temperature  had  heeo  iiiereascd  to  +  20%  tlicn  it  woold 
hiive  Iwe»  increased  Ül>  x  O-lMKiTA  or  0'07&  ol"  its  votnnr. 
and  would  then  occupy  lOTT--»  volumi^s.  Consequently, lOO 
volumes  iui-aKiiri*d  at  the  ti'iii|n*nilnri'  of  +  10°  relate  lu 
the  same  gas  meacsured  at  iht-  teinjienilun'  ul'  +  'HV,  ax 
103*75 :  107-5.  I'hcrcfui-e,  the  100  volumes  tncasuriHl  al 
+  10*  occupy  ItÖ'ÖI  volume«  at  +  SO". 

Corrfctioiis  of  GusfOM  V'utumcs  for  Presxitre. — The  oliser- 
vatioH  of  llie  lieight  of  the  barometer  is  the  second  circonh 
stance  «hicli  nxpiirrs  «tirtitlon  In  ncoiirate  e\[KTi»ieiiiii 
with  ^iuiira.  The  dcteniiiiuition  of  the  chiint^csexperteDced 
by  the  volume  of  a  fpus  in  consequence  of  vuriatJonii  in  tbr 
heijrht  of  the  barometer,  i-s  extremely  Hiinple.  The  volHme 
of  the  jjas  is  inversely  as  the  hci^it  ol"  the  barometer  The 
volumes  of  a  gas  ineasiired  at  0'70l)  and  <f-7ä0  nK-lor,  barn- 
meter  height,  have  the  sauii-  ndutiou  to  one  another  u 
0-750  :  0-7(iO.  If,  therefore,  the  volume  of  u  «:iis  mea.sarcd 
a(  0-7(iO  im-ter,  imrometrr  heijrht,  i»  IW),  it  must,  at  07M 
meter,  barometer  hcight,  become  lOl-J.  —  Although  tbf 
chaii|;;e.t  whieh  lake  place  in  the  height  nf  the  Imrotnetcr, 
even  wlitm  the  evperimenls  liixt  sevenil  days,  ore  oftm 
very  iiiconjdderablt-,  and  can  be  altogether  ae^locied,  vrt 
the  correction  for  hammetric  pressure  becoiiieK  excrvd- 
iri^dy  important,  when  the  volume  of  iriifi  in  mea.suird.wi* 
very  frequently  the  case,  at  a  presstu'e  inferior  to  Üuuof 
the  atmosphere,  indicated  by  the  Imrometer.  If,  for  ex- 
ample, a  ^ajieous  mixture  ha»  het'ii  meaKurf>tl  overmemTy 
in  a  graduated  tube,  at  mean  utuiuspheric  prenisure.  and 
when  the  surface  of  the  mercury  botli  within  and  wiibont 
the  tube  was  Bt  a  level,  and  if.  stifo^cqiiently,  ihr  ^nmia 
part  of  the  gas  has  been  nmde  to  disap[>eur  either  bj 
comhiiA-tion  or  absorption,  and  the  remainder  i^  to  I» 
meiisuri'd,  then  the  followiuif  cirrnmslance  requires  inbr 
particularly  atleiidi'^d  lo.  If  the  merruria]  trough  is  M 
shallow  that  the  fflass  tube  cannot  be  pressed  down  far 
enough  to  bring  the  mercury  within  and  uitiiout  the  tub* 
to  the  same  level,  the  residual  fna  uill  be  in  an  e^pandr«! 
»late,  in   txtnseqiience  of  the  pressuve   reinoved  hi  dir 
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cotitmti  of  mprrury  u'hirh  im'S  in  the  tiiltc.  In  this  c-iisr, 
the  ii|irralur  tncuMun-.<e  with  uccuracy  the  diütiuict?  bi-twmi 
the  :turl'i»rt:  ol'  iho  iiierciir)'  within  am)  without  the  tube, 
and  .subtracts  the  .sum  trom  tht^  h:troni<-ter  height  at  whirh 
the  iiUK  was  lunncrly  incatiurecl.  lie  ha«  then  the  true 
pres^ui-e  of  the  reniainiag  pas.  Tin;  rcrkoninü  is  now 
cxuctly  the  same  as  lit<r<ir<-.  If  ihr  miiolo  ^iisrous  %'ulunit; 
WHS  measured  at  0'7iJ0  meter  l>aromctriv  |)n-!(iiun\  iiiid  the 
diiitaiK-e  subsc(|ucnt]y  mc-usurcd  t>ctvrceu  the  heiffht  of  the 
mercury  within  mid  without  the  tulw  viiut  IKj(K>  mctpr. 
then  the  reüiduiü  k»s  experiences  a  pressure  of  only  rt-4til) 
meter. 

C\nTevttim  of  Gasfmtt  P'oiume*  for  Aqueous  VajX}>tT, — The 
third  circumittance  which  needs  to  he  taken  into  conside* 
ration  in  the  iLque»uü  vupour  %vitli  nbicb  tniKi-n  arc  often 
«taturaled.  II'  a  gaseous  mixture  of  oxyi^n  and  hydn^^en 
intended  to  be  analysed,  be  perfectly  dry,  yet,  after  explo- 
sion by  the  elcitric  »park,  the  residual  f^as  is  rendered 
perfectly  nioint  by  the  water  pnidured  in  the  operation. 
The  Kiuni-  tliinc  orcunt  with  other  }n>:«(^u.s  mi\ture.s  wlirn 
a  portkin  of  Uic  ca»  has  been  alHtorbed  by  itoiuc  Milutiou. 
When,  thcrcfori;,  Ihc  residual  ensenu»  voluoic  lia»  bi-rn 
measured  in  the  untinl  manner,  by  preKsini;  the  pinss  tube 
or  cylinder  iuin  ihK  nierrun,'  until  the  latter  is.  al  the  same 
height  Ixtth  «ilhin  und  wiihoui  the  iube>  it  \»  utill  nece«- 
£iary  to  dedart  fruni  this  volume  that  of  the  a(|ueoiiH  va[K)ur 
which,  at  the  given  tem{>erature,  i.s  capable  of  ousting  in 
it.  The  quantity  of  the  aqueous  vapour,  whcti  (he  [.'hs  in 
siiturated  with  moisture,  can  be  easily  calculated  from  the 
'l'able>;  contained  in  the  Elementary  works  on  Chemistry 
and  Physics  (Bkbcblius,  Lehrbiiih,  T.  i.  p.  !{7)4):  The 
ilor  tbrre  leanis  how  hivli  a  column  of  nienury  the 

loeous  vapour  can  couDtcr])oii^  ut  each  degree  of  the 
thrrmomctcr.  If,  for  example,  the  moist  ^s  moasiires 
ItW  viihimc-s,  under  a  barometric  pressure  irfO^fftt  meter, 
and  at  a  temperature  of  +  10'  crnl.,  it  is  then  capable  «f 
contttining  u  quantity  of  ai)tieouit  va]M>ur  which  counter- 
|HnKCS  a  column  of  n»orcuryof  the  hcif^ht  of  lf-5millimeters. 
Consequeatly,  it  the  operator  wLsbcs  to  know  btiw  many 
vxdumeit  the  nbovcnamed  quantity  of  gas  would  occupy, 
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in  a  dry  statr,  nl  (he  trivrn  iMinimctric  protsurc,  he  mttsl 
deduci  from  tUc  bciglit  of  tbc  Imrouietcr,  the  abor«  9-5 
niUimetcrs.  Thert'lorc,  as  O-TOl)  meter  relates  1«  O-T.Vtt 
neter,  as  lOÖ  volumes  of  the  inuitit  ^u^i  relates  to  liie  dry 
gas;  so  the  vuttuue  of  tlie  dr}'  gas  must  amouat  to  SÜ-?.- 
Wlien  a  purlion  of  tfae  gan  has  been  absorbed  by  u  liquid^' 
the  prcssurt.'  of  the  liquid  wliicli  n-muiuü  over  tliv  uicivurjr 
must  tilso  be  token  into  account  it  U  better,  however,  te 
HliMurb  the  liquid  by  bibnlous  paper. 

Tiivm  IK  still  anutlier  rircumstance  to  be  alladed 
wbicb  was  llnct  pointed  out  by  Kabaday  (Pocgb» 
uuRrp's  Annaleu,  T.  viii.  p.  VM).  Dry  ^ses  when 
served  over  mercury,  become,  after  a  cousiderahle  knglA 
of  time,  totally  replaced  by  atmospheric  air.  The  probable 
cause  of  this  is,  tJiat  tbe  contact  betveeu  tho  ^lass  and  lit« 
mercury  is  not  qiäte  perfe«:!,  but  that  an  iuterdtaii^af  tbe 
gas  with  atmospheric  air  takes  place  through  the  snull 
cunaU  formed  between  tlic  vessel  and  the  liquid.  A  com- 
plete exchange,  however,  requires  more  than  twelve  months. 
— It  is  proper,  however,  not  to  delay  the  analysis  of  i;ase4 
wtiich  arc  ctjnßucd  over  mercur}'.  küt  an  cxchange  of  tht» 
sort  should  be  experienced.  I 

Stparaliun  of  Ht/iiro^en  Gas  from  ^^trotfen  Gwl — 'ITw 
analysis  of  gaseous  mixtnrcs  of  oxytrcn  %»s  and  nitro^n« 
pi&,  or  of  bydn>£m  gojs  and  nitrogen  gas,  ia  pcrfurratnl 
the  same  way  as  the  analysis  de^icribed  above.  It  was, 
tlierefore,  unnecessary  to  introduce  the  deHcription  of  die 
prticeKs  at  an  earlier  {leriod.  If  the  gaseous  mixture  oon- 
sistK  of  hydrogi-n  and  nitrogen,  the  operator  measures  ilw 
volume,  and  adds  about  half  as  raucli  oxygea  ga^  He 
then  again  mcaüurcs  the  volume  of  tbe  gaaeoiia  raixtnic 
and  «ftcrwardu  passes  through  it  the  electrical  ttpurk-  TW 
diunuuiion  of  bulk  uhich  ensueji,  indicates  tbe  quuutily  fA 
the  hydrogen  ga»,  which  amoutits  to  two-third«  of  tiff 
vohmiclbat  dLsiipjM-ars.  If  tbe  whole  of  ihr  gas  suhmitltJ., 
to  «xaioiiiiLlitm  were  to  consist  of  bydrojjeu,  the  alwve- 
named  proportion  of  oxygen  gas  would  be  sufficieot  t« 
convert  tbe  hydrogen  entirely  into  water.  The  p* 
which  remains  after  the  ex|>l(Miioi),  coDcism,  thcnd't>re.  of 
nitrcvjen  ga«  and  excens  of  oxyi^n  gax.     The  vidusie  vi 
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the  nitruecn  fan  in  ascertaixuid  by  dt'tluctirij?  the  vaIium 
of  the  liydrugi-ii  gsun  from  that  of  tho  Diixture  eniplojTMl 
fur  iinulynis. 

Separation  of  (yx^gtu  Oas  from  NttTOfft»  iiaa:  ÄRalyntof 
Atmmi>hi-ri(-  Air. — If  a  jciwwuä  mixture  coDSWt  of  oxyfea 
«nil  nitrofTPii,  if,  for  cxampli*.  it  be  aliniMplieric  iiir,  tbe 
mvttiotl  of  prorecdirifr  is  exactly  Ch«  xniue,  I'vif  jit  tli»(, 
insleuit  uf  »xypTii  trax>  ■(  i*  iwct^ssury  (o  aild  li^dnigcn 
gn-i.  It  la  tiuiuewhat  Ii-.-(s  eiiny  to  pn'pare  .small  quaiililiei« 
of  hydM^en  i^as  tban  small  qtiuntitits  uf  oxy<;rn  i^n^. 
WlH>n  it  is  anneces.-«ary  to  have  the  bydn>t;eii  pas  quite 
frpf  from  aqtieous  vM{mur,  it  way  1m*  pn-pariNl  in  a  ga« 
bottle  from  luiic  and  diluted  8til|»liiiric  arid.  The  gas 
bottle,  in  which  iheEiiu-  with  a  little  water  is  plarcd,  luost 
be  clusüd  nir-li):ht  üith  a  rorlw  having  two  liole^  pii-rn-d  iu 
it.  line  <if  these  boles  is  to  re<'<five  a  funnel  with  a  nerk 
Biiniriently  lonj^to  ivacb  oearty  Co  the  bottom  of  ibe  Imttle. 
lie  other  hole  iti  to  receive  a  tube  ibi  leading  awoy  the 
gns.  It  is  proper  to  employ  a  small  flask  or  ^as  boltle. 
After  pourine  sulphuric  add  into  the  funnel,  the  operator 
ntujtt  wait  until  the  disenffaccd  hydrox^^*"  trti;«  biL«  ex^K'Hed 
all  the  atniosplierir  air  from  the  flaxk,  m>  that  «hen  ilie 
Lydroiren  gaa  in  inflamrd  at  the  mouth  of  tlie  r^tudiictinf; 
4ube,  it  bums  quite  xlt-aüily.  The  di^euKagi-ment  of  Rtm 
■duhI  be  eiTeeted  vei7  slowly,  in  order  tJuit  tlie  fnut  may  not 
«arry  away  too  louch  water  with  it.  The  opcmtor  then 
allows  .so  mueh  hydrogen  pis  to  puHH  into  the  nii.\turo  ibaC 
the  volume  in  enlar^:eü  from  oue  to  three,  that  is  to  jtay, 
one  volume  of  the  gaseous  mixture  employed  for  analyma 
nmst  be  mixcfl  with  two  volumes  of  hydroecu  e»».  This 
quantity  of  hydrogen  ga«  is  Btifiicient,  »houJd  the  maus  uf 
ga.s  eon.'iiüt  of  oxyfren  without  uiiro^n,  to  ruuveri  the 
whole  of  it  into  water.  When.  Itowcn'cr,  atntotipbertr  air, 
whieb  euDtaius  nearly  four  volumes  of  uitrogen  ea.t  to  one 
\Mlum(-'  of  oxvfrPQ  JT'W.  \*  to  be  examined,  the  uprnilnr 
Cinpiuyti  a  smaller  proportion  of  hydrogt-n  ^a«.  ll  u^  tbeii 
mtUeicnt  to  add  as  much  hydrogen  a»  in  equal  to  half 
thf  bulk  of  (bt>  ^!l<il•Oll!>  niixture.  Wbe»  the  hytlru^L-n  liaji 
bt^'U  added,  uud  the  resultiiurniixtarearcurnlely  uiea^urrtd. 
the  electric  spark  ut  |>as.scd  through.      Tlic  rx>n»cquciil 
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diminution  of  bulk,  on  bcln^  di%-idcd  by  three,  giv«,  ■# 
usual,  tho  volume  of  the  oxygen  gas  contained  in  the  mix- 
lure.  The  diflerence  i^tweeii  the  bulk  of  the  oxygen  f[as 
and  tliat  of  the  original  mixturej  is  tlie  volume  iif  ituf 
nitrogen  gas. 

lu  the  analysis  of  atiDOMphrric  air,  it  is  Hran-rl>  nrrCM 
fiar>'  to  make  any  correction  for  tjie  vapour  produced  bf 
the  explosion  of  tho  mixluro;  because,  the  atmospberii 
air  employed  is  seldom  ignite  dry,  and  tlie  bydro^'n  gu 
which  i»  added  to  it  is  generally  saturated  widi  vaponr. 

Aaafysis  of  a  Gaatoiu  Miettire  of  Ox^ffm^  Jit/drogn,  and 
iVifrm/f». — When  the  gaseous  mixture  consislä  of  ox>  gr». 
hydrogen,  and  nitrogen,  tlie  first  operation   consist»  i& 
sending  the  electric  spark  through  a  measured  portion  oS 
it,  without  (he  previous  addition  of  any  other  gas.     After 
detonation,  the  nitrogen  g<is  remains  liehiiid,  in  roropHny^ 
either  witli  oxygen  gux  or  hydroj^n  guK.     'Hir  opmior 
adds  oxygen  gas  to  the  remainder,  and  again  pujM»  Uie 
electric  spark  through  the  mixture, to  ascertain  il'a  farther 
reduction  of  volume  can  be  thus  elTecied.     Ifa  fre.sh  dimi 
nuliou  of  volume  take  place,  then  the  mixture  remiun 
after  the  first  detonation  consisted  of  nitrogen  gms  asd 
hydrogen  gns.    In  tliis  ciutc,  the  coinpu»itiun  iif  the  gascou 
mixture  can  he  easily  calculated.     13ut  if  no  reduction  of  ^ 
volume  takes  place  nhen   the  electric  .spark  is  pasMdH 
through  Üie  second  tim*>,  Then  Ute  gaM-s  which  remained 
after  llie  first  explosion  were   uilrogen  and   0x5  gen.    .K 
portion  of  hydrogen  gas  is  then  added  lo  the  mixture,  asd 
another  explosion  is  produced.     When  the  miIouu-  of  th* 
oxygen  gtis  has  been  calculated  from  the  dimiiiutiMn  •<( 
volume  produced  by  tlie  explosion,  the  quantity  of  the 
pure  ovygcn  gas  previously  addetl  Ut  the  mixturv  mnsi  b^lH 
deducted  from  (he  n-jiull.  V 

Various  other  processes  have  been  reconiin ended  for  liic 
analysis  of  these  gaseous  mixtures,  and  particulrtrly  for 
(he  analysis  of  atniospUeric  uir;  hut,  as  they  afford  Icsi 
accurate  results  than  llic  method  here  described,  ihey  way 
he  passed  over.  Thesulislances  irhich  ure  most  in  use  as 
absorbents  of  oxygen  gas.  arc  phosphorus,  nitrous 
and  suiphurcl  of  potassium. 
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ESTIMATION  OF  H  ATKR.  393 

QaanliUttine  BatiumtioH  of  Water. — Tlie  cumpoand  of 
oXTRcn  and  hydrogen,  or  water,  is  a  body  so  widely  dis- 
S4>n)iiuilcd,  lh«t  itHquHmitalivccstimiition  is  of  the  liiyliest 
itnjioniiiice. — The  estimation  ieui  Iw  rffi-clt-d  l>y  iliDV'rent 
pmrcssos,  thr  rlioicc  of  on«  or  the  other  of  wbich  must  be 
fniidü  uc<;ording:  to  thr  iiattirn  tifthr  .stiltnljiiirrsnith  which 
the  water  is  combined.  The  most  usual  method  ofdclcr- 
miuing  th»  (|tianti1y  of  water,  is,  that  of  ipiilin^  a.  weighed 
portion  of  the  eompuuiid  containitij;  it,  in  a  plaliniini  cru- 
cible. The  water  is  then  Tfiiatilized.  M'hcn  the  rnicihie 
18  cold,  thr  residue  is  weighed,  and  the  quantity  of  the 
water  is  ascertained  from  the  loss  of  weight.  This  methcKl 
can  iilwiiys  Ix"  employed  when  the  rompomid  conihined 
with  water,  experiences  no  alteration  in  composition  on 
beini;  heated  to  reilnesx,  but  merely  lotes  tl-t  water.  Tt  is 
by  this  process,  that  the  quantity  of  water  of  crystallisa- 
tion in  a  great  ntimher  of  salts  is  estimated.  The  platinum 
cnicilile  in  which  the  üall  has  Im'ou  weighed,  ia  elosed  with 
Jl8  cover,  and  very  slowly  heated.  The  more  water  of 
(Tj'StHllisation  the  salt  contains,  the  more  slowly  munt  the 
heating  l»e  effcctetl,  in  nnler  that  no  loss  may  l>e  occasioned 
by  xpirtinu:.  When  the  quantity  of  water  is  so  ^eat  that 
the  »nit  melts  when  exposed  to  bnt  a  low  dejjrec  of  heat, 
as,  forexiunple,  is  the  rase  with  many  of  the  s'Mln  salts, 
then  the  platinum  rnirible  which  r«ntains  the  salt  must 
be  exposed  f<»r  a  eonsiderahle  time  to  an  extremely  j^enllo 
degree  of  heat.  The  salt  may  thus  be  kept  from  running 
into  n  liquid.  When  ttic  greater  part  of  the  water  ia 
cxpelleil,  the  heat  is  Knultmlly  increased,  until  the  nliule 
is  finally  ignited.  Ilie  rnirible  is  afterwards  weighed. 
When  the  dry  salt  in  the  platinum  crucible  is  aot  su.<«t'ep- 
tibte  of  being  derompoaied  by  the  boat  affonlcd  by  the 
spirit  lamp  with  double  current  of  air,  it  should  be  ignited 
over  the  spirit  lamp  a»  stmngly  a.s  possible;  because, 
many  »atts  n'tain  .<imall  quantities  of  water  vdth  much 
obstinacy.  This  is  tlie  ease  with  luseuiaic  und  phosphate 
of  .smia.  Too  lont;  an  ignition,  however,  often  pniduces  a 
partial  decomposition  of  the  substance  submitted  to  expe- 
nmcnt.     This  is  the  case  with  many  salts  eontaiiiin; 
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Ktilphiiric  acid  and  metallic  oxides.      Suib  compoui 
murtt  only  be  exposed  to  a  dull  red  heat. 

Separation  of  Water  from  Sails  \ehieh  are  affected  hy 
Atmoftpfieric  Air, — Them  are  many  sal(s,  however,  wbict^ 
im  tM;inf  drprivrd  of  ihrir  water  l>y  ignition  in  a  platinrai 
cnicitilc,  men  when  llic  latter  is  clascd  willi  its  com^ 
acquire  from  ilic  atmosphere,  either  an  extra  do« 
oxyp'n,  or  a  portion  of  carbonic  acid.  The  fonner  tak 
place  on  the  i|;iiitioii  oDiydroitK  .saltK  of  protoxide  of  iron 
(he  latter  occurs  on  the  i|;uition  of  varioutt  basic  salts. 
When  substances  of  this  description  are  to  be  Aeparaied 
from  wii(«T,thcy  mast  itc  placed  in  a  little  retort,  by  whitb 
they  are  sheltered  from  the  air  during  the  i^tion.  tht 
mode  of  ofienititif;  is  as  folluvs:  A  fcl»-'*^  bulb  is  l)lovm  lU 
llie  end  of»  ^la^s  tube,  s»  a»  to  proiltire  a  small  matrass. 
It  is  nccvKsary  to  employ  a  tube  of  slrou^  (class  for  tUi 
purpose,  iu  order  that  the  glas»  of  the  bulb  may  not  MiBen 
on  the  first  application  of  the  heat.  The  bulb  is  weidird. 
Such  a  quantity  of  the  hydrous  äubstaorc  is  then  placed 
in  it  as  the  operator  chooses  to  employ,  llie  f:lass  tube  is 
cleansed  from  loose  particles  of  the  siiJistanre  by  ihu  plmM 
of  a  feather,  and  tlie  whole  is  then  weighed.  The  operator 
now  knows  how  much  of  the  compound  is  employed  in  the 
experiment.  When  this  hns  been  done,  the  tube  of  tbf 
little  matrass  is  drawn  out  to  a  point,  at  about  half  u 
inch  from  the  bulh,  am)  is  then  bent  on  one  side  so  as  le 
form  a  little  retort.  This  is  aj;atn  weiirhed.  The  bulh  of 
the  retort  is  now  foaduully  i};uited,  aud  the  heat  is  madr 
u  powerful  us  the  ^las»  can  endure.  The  volatiltml 
water  must  he  wholly  expelled  from  the  neck  of  thcTClurt, 
by  the  flame  of  a  small  .>ipirit  lamp.  When  no  tre^li  por 
lions  of  aqueous  vapour  are  deposited  in  the  necL  ofthr 
retort,  the  point  of  the  neck  mii;:t  lie  quickly  melted  aori 
clojifMl,  by  the  flame  of  a  small  spirit  tamp,  while  the  i^i* 
tion  of  the  bulb  of  the  retort  is  continued.  The  operator 
must  be  careful  to  lose  none  of  the  glass  in  ctostuft  the 
point.  The  whole  is  then  permitted  to  become  pcrtcrtly 
cold;  the  point  is  then  careCally  (ih-d  ott;,  and  the  rrlort 
with  thu  point  are  weighed.    The  loss  of  weight  indicates 
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Imw  murh  water  tbe  üubütanre  ha»  Inst  liy  the  i-.tiilion. — 
An  llic  roinpouni)  is  nDiiui-d  lo  <  on)  ivhcn-  atmo>i|»Iicnc  air 
has  no  access,  it  »aii  nt-itlicr  Iwfoiiic  more  hi-tlily  oxiJisctI, 
iMM-contuniiDalril  by  c«rlmnic  acid.  But,  as  tho  point  of 
tile  retort  is  closcil  during  the  ifrniiirvn,  the  air  onrloscd  id 
the  retort  is  extremely  rarefied.  If,  ihiTefrire.  the  poinl 
were  not  broken  off  previous  to  tbe  weiRhitip  at  the  retort, 
too  ifTt'-nt  a  I0Ü8  ol'Hfiuht  uuiild  he  i-xprneined,  and  (00 
great  a  quantity  of  »ater  would  l>e  Bscnl>ed  to  (he  mihjert 
of  the  experiment.  It  is,  consequently,  necessary  to  nlluw 
the  retort  to  iK-eome  fall  of  air,  which  hau  no  action  on  tho 
contents  when  the  ubole  is  perfectly  cold. 

SfjHiration.  of  Jttotier-tiquar  jW>»  Sail».— The  perfectly- 
«rctinile  estimation  of  the  water  of  crystailisation  in  .lalts 
is  con)bineil  with  tlir  en-atest  iliffirtiltie-s.  IJcside.t  water 
«r  er^-stjillisatiou  chemically  combined,  all  Halts  which 
bare  t>H-n  sepiirated  by  crystiillitialiun  from  aqueouH  solu> 
tioos  coiilaiu  water  encloned  metJtaiiically  between  iheir 
particles.  The  neater  or  smaller  quantity  of  this  i»cci- 
dcnlal  water  depend»  on  (he  largeness  or  smallness  of  the 
crystals,  This  vralcr  is  part  of  the  mother-liquor  CDcIo«c>d 
in  tile  substance  mechanically.  'I'he  quantity  often  amount^ 
In  lar;^  crystabi,  to  iwveral  per  cents;  but,  in  very  small 
crystals,  it  commonly  amounts  lo  only  a  half  per  cenU 
Tie  FTt-'titer  porlion  of  it  can  be  separated  from  the  »alt» 
by  laying  it  in  powder  upon  bibulous  paper,  exposed  to 
the  temperature  of  !N>'  or  100'  Fahrenheit.  If  tbesaltj*  are 
f;ivL'n  to  efllore&cc,  liLe  many  soda  salts,  they  mu&t  be 
examined  imnietliutely  upon  liein^c  pulverised,  that  they 
may  not  alM>  lose  ibeir  combined  water.  If  the  aalt  if 
dcHqur.srenl.  it  uiuBt  be  dried  by  liciu?  laid  b<-t>«ren  n 
cunaidcmble  quantity  ofbibuluus  paper,  and  submitted  to 
the  action  of  a  press.  The  paper  must  b«  renewed  u 
lonf!  as  it  continues  to  becouie  moi-st.  When  tlic  salt 
is  dry,  it  is  instantly  employetl  for  the  experiment. 

iieparatüm  of  Wattr  of  DrcrrpitattoH  from  Salts. — A  preat 
many  salts  nmtai»  no  water  of  cr>'s(ulli.<talion,  but  when 
they  have  been  crystallised  from  an  aqui-ous  solution, 
retain  a  [lorlion  of  water  mecbnnimlly  enclosed  in  their 
crystals.    When  these  .salts  arc  not  decomposed  by  ignK 
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tion,  they  con  be  deprived  of  this  accidental  water  by 
being  heated  (o  redness  bel'ore  tbey  are  sulijected  I«  ana- 
lysis.     But  whi'i»  they  ure  liable  to  be  decomposed  by 
ißniti<in,  which  i.s  iJte  cn-te  with  the  aiihytlmus  uiirate.«, 
Ihcy  must  tmly  be  stmiiRly  heated  when  the  water  is  to  lie 
ex)>vlled.     In  general,  lUc  whole  of  these  »ultA  decrepitnt? 
with  Wolence  on  being  heated,  particularly  if  the  crj'siaU 
are  lar^.     A  considerable  portion  of  the  salt  intended  tnr 
analysis  can,  therefore,  be  lost,  unless  the  ignition  be  p<>r*  h 
formed  In  a  crucible  which  c»n  be  ucrunitrly  «loscd.    The  f 
dc(Tc]>italion,  however,  t.s  rendered  much  \ess   ^iutent  if 
Ibu  salt  be  previously  reduced  to  a  very  tine  powder,  aod 
thi.>  puwdvr  b«  ex.poiu2d  for  same  time  to  u  moderale  beac. 
— Some  of  the  salts  which  contain  water  of  rry- stall i^itioa 
are  likewise  subject  to  decrepitate  on  beinj;  heated,  ia 
conseipieun-  i>f  the  [ircscnrc  of  extraoemut  water.     These, 
bowirver,  an-^  either  .sails  which  contain  but  little  water  of 
'crystallisation,  such  as  bicarbonate  of  {>otash,  or  salt 
which  contain  only  that  portion  of  water  which  ia  essential  j 
to  their  existence,  such  as  hyimphosphite  of  lime.     Whea 
the  latter  salts  are  deprived  by  beat  of  their  water  ot'ciy»-  ^ 
tallisation,  the  salts  are  simultaneon.sly  decomposed.  fl 

Sepant/ion  of  Wafer  of  Cri/slalfhatioM  fram  Salts  ttkWk 
caitnot  be  iifnitei/.^hl-Aay  salts  which  contain  water  ^ 
cryiitallisation  are  decomposed  at  an  incipient  red  beat, 
.Ml  thnt  it  is  impossible  to  determine  the  qnantity 
Wilier  they  contain  from  the  loss  of  weight  orcasiuned  by 
(pxposing  them  to  a  strong  heat  Some  of  these  salts.  Cat 
example,  the  nitrates,  cjin,  iievcrtbelos.s,  Vm^.  entirely  ili" 
prived  of  their  water  by  being  strongly  heated,  thouijh  at  a 
temperitnre  inferior  to  ij^itton.  In.snrh  a  degree  »t'bcat, 
the  acid  e.scapes  decomposition. — Other  snlts,  howecer.  h 
particularly  tluLse  in  »hicli  ibe  Ikiscs  arc  cunibined  uilli  fl 
orffanic  acids,  cannot  even  be  so  strongly  heated,  witliont 
soflcring  dccüraposition.  To  render  these  salts  anhydrous , 
they  must  be  linely  pulverised,  and  placed  near  .*ulphun« 
arid,  under  the  receiver  of  nn  air-pum|i,  which  is  tlipntoboj 
.exhausted  of  air.  When  the  whole  h<i.<<  n-maiued  iu  tlüsJ 
statt-  for  some  time,  the  salt  in  removed  and  weigheil.  Tbej 
Joss  of  weight  indicates  the  quantity  of  water  of  which  til 
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has  bern  deprived  by  the  siil|^uric  add.  The  naJt  is 
rcpliire^l  under  the  exhßusted  rcci-iver,  »nd  allovred  to 
rpmain  aeaJii  for  name  time  e\po«cd  to  the  absorbent 
artiim  nf  the  milpharic  arid.  It  i^  then  weiRhed  a  second 
timr.  It"  tile  result  of  the  »wond  wcieliinir  agrees  with 
thnt  oi'  ihi':  tirst  wri);bins,  i1  is  a  pniuf  ibal  the  timt  drj'ing 
hiid  been  sufficient  to  dcpriTc  (he  salt  of  the  whole  of  its 
water.  But,  if  the  two  weiphinffs  do  not  aprcc.  Ihc  salt 
must  be  ex|>oäi'd  u  third  tiiuo  to  the  action  of  sulphuric 
acid  in  vacuo.  In  short,  tbis  operation  must  be  repeated 
niilii  thr  itirreemcnl  iu  the  rrsnlts  r>f  the  twti  last  nri^hiatrs 
«ho»:^  that  the  .sitll  hiici  lH'(:4>nu'  luiniplelviy  dr).  'I'hi.'  loiss 
«fweiebt  indicates  the  quantity  of  water. 

Many  nf  these  »alts,  howevrr,  letain  their  Wiiler  of  erjrs- 
lalliMuliiMi,  or  at  U>ast  u  portion  of  it,  uitti  Kuch  a  ilepree  of 
obxtinary,  that  it  is  iiD)io.isibh-  to  render  them  anhydruus  hj 
this  prore-H.-«.  In  luiinv  la.-«'«,  the  wiiter  of  crystallisation 
can  tl>eu  tie  detenuiued  a.s  follows :  The  vessel  routnining 
«t  weipbcd  portion  of  the  Snoly-pnlvcriscd  nalt.  is  placed  in 
a  rapsulo  filled  with  hot  sand.  The  temperature  of  ihp 
»and  mUHi,  houever,  not  be  mi  high  iut  torauKethedecom- 
po.sitioii  of  the  xalt.  The  eapsulr  iit  (hen  placed  near  a 
vrs-sel  of  jinlphuric  acid  under  the  receiver  of  the  air-pnnip, 
and  the  air  i.^  quickly  [lunipcd  out.  Al>er  some  time,  Uic 
«alt  is  weighed,  and  again  placed  in  (he  same  manner 
under  the  receiver  of  the  air-piuup.  When  it  haN  n>roained 
there  for  some  time,  it  is  onrc  more  weighed.  The  upera- 
tion  is  repeated  until  the  two  Ia«t  weighing»  give  the  same 
result. 

The  water  of  rry stall isation  is  ewiential  tn  the  exi«teoce 
of  S4)nie  s.tltK.  NO  that  u]>i)n  beiui;  heated  (hey  are  decora- 
posed  before  they  lose  their  water.  The  estimation  of 
the  quantity  of  Ihc  water  of  crystallisation  is,  in  sack 
coAcs,  nccouipaiucd  by  many  difhcultiefi.  In  cencral,  it  is 
calculated  Imni  the  producta  of  the  decomposition  «f  the 
■  salt.  No  nnirersal  rule  can  be  given  in  this  case ;  for  the 
W  inelltod»  to  l>c  employed  must  b*'  chosen  accordiup  to  the 
l_natiini  of  the  const ititt-n is  nf  the  »idl»  which  ar«;  (ii  Im 
■^Zunincd.  All  the  phosphites  ami  hyptiphosphitcü  are 
V«ilt8  of  this  nature.    'Ilie  manner  io  which  it  is  necessary 


ItYOROQES. 


ms 
.teil 


to  operate,  in  determining  Ihc  (luantity  of  water  contaiued 
in  tlwse  sahstaDcr-K.  has  been  Ue^ribcd  ftt  paj^  2tJ6. 

Qwintiinthv  £stimaliMi  ofiftc  Water  in  Hydrotut  Aci^. — 
Water  is  Ibuad  in  cfimi>in».linn,  not  only  with  salts,  but 
with  mo&t  acidü;  and  in  most  cases,  tbe  hydrous  ackls 
hold  it  so  ßxrdfr,  tliat  a  bt'at  «uflicient  to  iijlatilizp  water 
with  ritsr  is  im-ai>ahle  of  sepamting  il  rmin  iirids.  Tfac 
rciuwn  of  thiit  is,  that  in  the  hydrous  acids  the  water  sop- 
pUes  the  place  of  a  base,  and  in  general  contain^«  thf  same 
quantity  of  oxygen  a^  the  baäti  wilh  which  ihn  aeid  Ibmis 
a  neutral  salt.  To  ascertain,  therefore,  the  quantity  of 
water,  a  weighed  quantity  of  the  hydrnUN  arid  is  saturated 
with  a  base  willi  which  il  is  eupjible  of  forming;  an  anlr^- 
droas  Halt.  The  base  then  cotubines  with  tbo  acid  and 
separates  the  water.  The  resultin);  anhydrous  salt  is  then 
weii^itHJ.  If  tlie  weiglit  of  the  baM-  is  known,  it  is  onlj 
necessary  to  deduct  the  weight  of  the  resukini;  aiiliydnms 
salt  from  (be  coDimon  wcif^ht  of  the  base  and  the  hydrom 
acid,  to  {isccrtain  the  quantity  of  wiiter  contained  in  the 
acid  employed,— The  base  employed  in  this  experiiueut,  ia 
nearly  all  cases,  is  reccniJy-iiriiited  protoxide  of  lead, 
substance  is  better  adapted  to  the  piir)iose  than  «earths  aaA' 
alcMÜes,  because  it  docs  nut  so  mpidly  attract  cajboirie 
acid.  Tlic  wciKlietl  portion  of  (be  byilrous  acid  is  dissolved 
in  water  and  the  protoxide  of  lead  is  added  la  exocM.  The 
whole  is  evaporated  to  dryness,  and  the  dry  rejtidue  it 
heated  to  redness.  But  in  that  case,  the  acid  in  the  lead 
salt  must  be  one  of  those  which  mere  ignition  is  unable  t 
destroy.  If  Ihr  acid  is  capable  of  being  destroyed  by  tbi> 
mode  of  treatment,  the  aalt  must  mcri'^ly  be  exposed  for 
considerable  time  to  a  moderate  beat,  to  get  rid  of  tlic 
water.  The  diiference  in  weigtit  Iwtueen  this  i^ited  or 
dried  lead  salt  with  excess  of  pmioxide  uf  lead,  and  tkff 
common  weight  of  ib«  hydrous  acid  and  protoxide  of  lead 
employed  in  the  experiment,  indicates  the  quantity  uf 
water  contained  in  the  hydrous  acid. 

If  the  hydrous  ticid  forms  with  a  base  a  compound  vbicb 
is  neutral,  anhydrous,  and  completely  insoluble  in  wann, 
the  estimation  of  the  water  may  be  effected  as  follooi. 
The  aqueous  soluiioa  of  a  weighed  purtiun  of  the  bydim» 
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acid  is  mixed  with  a  solution  «f  tt  sitit  iif  this  base.  Tl)^ 
irMiilliiifr  iKnitral  insoluble  .snil  i.s  roJU-ctrd  nnd  weighiH), 
aud  the  quaulity  of  the  water  t5  then  ciUculatul.  It  iKonly 
the  (liJlVrc-ut  bydratca  orKulpliitrir  ncid,  liowerer,  that  ran 
be  psliiuatod  by  this  process.  A  weigfatHl  quantity  of  the 
hydrous  acid  is  diluted  with  a  larf^e  quantity  of  water  and 
precipitated  by  ii  solution  of  chloride  of  barium.  The 
fcsulting  «ulpliatr  of  luirjtrs  is  dried  and  wciifhed.  The 
quantity  of  the  iculphuric  acid  iii  thuü  aAc^rtaincd  and 
tlience  also  the  weifriit  of  the  water  wliicli  wat«  provioiisly 
conibinnl  with  it. — Variini.^  <»tl)er  acidK,  out,  for  example, 
phoapboric  acid,  arseuic  acid,  &c.,  combine  also  with  base« 
to  fonn  saJta  which  are  insoluble  in  water;  yet  the  qnan- 
tity  of  water  contained  in  thcs«  acids  cannot  be  estiiuutui 
by  the  above  process,  llie  reason  of  this  is,  that  these 
acids  are  riipnbie  of  producing  a  variety  of  insoluble  »alts  ; 
so  tbat  when  a  precipitate  in  formed  by  a  baxe,  it  does  not 
riinsi.st  of  a  pur»>  neutral  ((nnpoiind,  but  i,««  very  niien  con- 
taminatoci  hy  a  variety  of  ba.sic  compounds.  This  is  the 
case  even  when  the  dissolved  acid  has  bc«n  accurately 
neutralize*!  by  arainonia.  The  consequence  of  thi.>i  is,  that 
it  i>i  al'lenvariU  necessary  to  detenuinr  by  another  opera- 
tion, how  large  a  quantity  of  the  baitc  Ihe  precipitate  con- 
tains. Iliis  is  accompanied  by  additional  diflicnities.  and, 
after  all,  one  cannot  ahvnyn  obtain  a  very  ncciiratc  result, 
since  the  resulting  compound  is  often  not  quit«  iniwliibla 
in  water.  It  is  always  best,  therefore,  to  determine  the 
qnantily  of  water  contained  in  lhe«e  acids  by  means  of 
protoxide  of  lead.  This  subject  has  been  already  treated 
of  at  pase.s  IJJH  uud  iUU. 

When  the  hydrous  acid  for  examination  Is  in  the  .solid 
state,  it  is  only  necessary  to  mix  a  welsrbcd  portion  of  it 
with  a  weighed  portion  of  rerently-iirnitcd  protoxide  of 
lead  and  tn  heat  the  niixtnn;  to  i<niition,  provided  ibo 
resulting  compound  is  not  decnmpoMible  by  n  nxl  beat. 
The  quantity  of  water  is  then  ascertained  from  the  loss  of 
weijrht.  If  Uie  acid  forms,  with  tho  protoxide  of  lead,  a 
compound  which  easily  fuM's,  as  is  very  often  the  case,  the 
cipenitor  ncnrd  only  lay  the  protoxide  of  lead  over  the  acid 
in  (he  platinum  crucible^  and  then  rtiulioiisty  heat  the 
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mixture.  If  the  r<*Kiilting  mtli  oC  h-aA  is  lialile  to  be  decoa 
pnsed  when  cxpospd  to  i^iltuu  Id  the  air,  the  cxper 
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must  Im;  cffw:(«l  in  ii  retort.  Tlie  operator  must  take  rwr, 
in  Ibat  ruse,  not  to  employ  too  strong  a  beat,  lettt  the  prat- 
uxido  or  lead  should  act  upon  the  g^lass. 

Sejmration  of  Water  fivm  Hydrated  Oxides, — Many 
also  contain  water  in  a  statu  of  cbfuiival  combina 
Fruia  sumo  of  these  it  can  be  expelled  by  a  strong  h«I; 
but  from  others,  for  example  from  potash  and  soda,  it  rsn- 
nol  be  cxpcllwl  cv(in  by  the  stmagrsl  hciit.  In  the  latter 
case,  the  qoantity  of  the  water  is  estimated  ati  follows:  A 
ueif^bed  quantity  of  tbc  hydrate  is  dissolved  in  a  sniD 
portion  of  water,  and  the  solution  is  Niipersatu rated  by  aa 
acid  which  fornbt  a  neutral  salt  with  the  base,  llie  »it' 
tiou  is  evapontted  to  dryness,  and  thi-  dry  mass  is  i^ie4 
to  expel  the  excess  of  acid.  The  operator  tnay  rm^üo 
»ulphuric  arid  for  this  cx|)eriment,  but  muriatic  acid  i*  tht 
best ;  because  an  excess  of  sulphuric  acid  is  much  oii 
(liHicult  of  accurate  separation  from  sulphate  of  potash 
sulphnte  of  .soda,  than  an  cxrc.'cs  tit'  muriatic  add  from 
cblorldc  of  potiisxiuni  or  chloridt-  of  »«xlJum.  Frtini  tbf 
weight  of  tlie  anhydrous  neutral  .sulphate  or  chloride,  tli< 
operator  can  easily  calculate  the  equivalent  quantit)'  (if 
dry  alcali,  and  consequently  IIk>  weight  of  tbc  hydnic 
water. 

It  is  .scarcely  possible  to  give  any  farther  jreneraJ  dirpf- 
tioua  for  dctonninin^  tlic  quantity  of  water  in  compound«. 
In  the  preceding  sections,  those  methods  have  always  lK«n 
taken  into  considerntion,  according;  tn  uhich  the  delcnni- 
nation  of  the  water  contained  in  various  cumpounds  mtlA 
be  effected,  when  the  u.sual  method  of  determination  by 
thtr  i^nilioa  of  the  conijxiund  is  not  practiruble. 

QmtTititatirc  Ettimalion.  of  Ammonia  in  Antmoniaatl  Salit,t 
— The  method  of  analysing;  a  mixture  of  nitrogen  f:a5 
hydn>|ren  ^as  ba.s  been  described  al>ove.  It  remains  now 
to  .show  in  what  maimer  tlie  chemical  com|HMind  of  iiilm- 
fcn  and  hydrogen,  the  alcali  ammonia,  can  l»e  separated 
from  other  suh^tmiccs  and  quiinlitiitively  cstimuti'd.  Ttis 
analysis  is  oAcu  attcndi^l  ^^itli  many  ililKcultics.  Tin 
most  accitraie  result  is  obtained  in  the  analysis  of  the 
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acid  is  mixed  witb  a  solution  or  u  salt  of  tbi»  tmsc.  The 
rRxuhiiiK  neutral  insoluble  salt  is  collected  UDd  wpi^ked, 
and  Ihr  qimiitily  of  thi*  water  i.t  thru  ralntlaled.  It  istmly 
the  difTm-nt  hjdratts  ol'sulpfaunr  arid,  howrvrr,  (hat  can 
he  ostintated  by  this  process.  A  wvicbrd  quantity  o(  the 
hydmuH  acid  is  diluti^  wilJi  n  lar^  qnatility  of  water  and 
precipitated  by  a  HolutJon  uf  cKloridt«  uf  ttnrium.  The 
resiiltinj;  sulphate  of  barytes  is  dried  and  weighed.  The 
quantity  of  the  sulphuric  add  is  thus  ajtcertaiDcil  and 
thence  uIho  the  wciaht  of  the  walor  nhich  wa.H  previuitaly 
ronihined  uith  it. — Various  other  acids,  aa,  for  example, 
pboxplinrir  itrid,  arspnir  arid,  tie.,  rembine  also  with  iMutes 
to  Inrtn  salts  whtrli  am  insoluble  in  walfT;  yet  the  quan- 
tity of  Witter  ronlaini'd  in  these  acids  rannut  Ur  e.itiniaied 
by  the  above  process.  The  reason  of  this  is,  that  tlirso 
acids  lire  enpalile  of  producing  a  variety  of  insoluble  salts; 
so  that  M  licit  a  precipitate  is  lormetl  by  a  luue,  it  does  not 
consiat  of  a  pure  neutral  compound,  but  is  very  often  coii- 
latninatod  by  a  variety  uf  basic  compounds.  This  is  the 
case  even  when  (he  dissolved  acid  has  Inrn  »rruralely 
neutralized  by  ammonia.  The  ri>n.><equpnrc  of  this  is,  that 
it  is  afterwards  necrKsjiry  to  ileteruiinc  by  aootber  opera- 
tion, how  lartfi'  ii  cpiaiitily  of  the  base  the  preei])italf  c*m- 
tains.  Thi.s  is  iircom|KiniiHl  by  additional  dilltrullicü,  and, 
after  all.  one  cannot  always  obtain  a  very  accurate  rrsoll, 
since  the  resialtiui;  ronipoiind  is  often  not  quilf  in»<dnbIo 
in  water.  It  is  always  best,  thereture,  to  determine  Ihc 
quantity  of  water  eunlnined  in  these  acids  by  means  of 
protoxide  of  lead.  This  snbject  has  been  already  treated 
of  nt  pnees  lOH  and  349. 

When  the  hydrous  acid  for  c\aaiinalion  is  in  the  solid 
State,  it  is  only  necessary  to  mix  a  weijihed  portion  of  it 
with  a  weiijhed  jHtrtinn  of  nH-ently-iRnited  protoxide  of 
lead  and  to  heat  lite  uiixtiire  to  ignition,  pmvided  the 
resulting  c»miM>und  is  not  decomposable  by  a  nil  heat. 
The  quanliiy  of  water  is  then  ascertained  from  tlie  liiiui  of 
weifi:ht.  If  the  acid  forms,  with  the  protoxide  of  lead,  a 
coni|>ound  nhich  easily  fuses,  as  is  verv-  often  the  case,  tiie 
operator  need  only  lay  the  pnttoxide  uf  lead  over  the  acid 
in  the  pbatinutn  rracible,  and  then  cautiously  heat  the 
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tlie  Operator  employs  a  small  retort.  Wlien  the  wrij^ht  at 
the  matrass  or  retort  ha»  bepn  delrrniined,  nn  iDiletcrmt- 
tiutr  qtiuiitity  of  llie  Sucly-pulverist-(l  salt  is  tthnken  into  il ; 
IÜU  nrck  of  thv  vessel  is  cleanHcd  nilb  tlir  phimr  of  ■ 
reatlier,  and  the  viholo  is  again  weislied.  Tlic  upcrutar 
thus  usrertain«  how  nincli  vf  tbo  suit  i.i  employed  in  the 
experiment,  lie  then  introdnceu  into  the  mutnuiR  »  titnat' 
tity  of  pure  caustic  lime  in  fine  powder.  Calcined  Camn 
marble  answer?«  the  purpose  best.  Uiilher  more  thitct 
twice  the  wei^iht  oftlic  ummouiacal  salt  should  be  lakm- 
Thc  two  substances  arc  mixed  toffeiher  a«  accurately  w 
possible,  liy  .<iliiikiiii;  the  retnrt,  und  the  tc^ss«!  is  aAcf- 
wards  wei^;faed  ancM'.  The  neck  of  ihe  matrass  is  lli«t 
drawn  out  tu  a  Itoe  point,  and  is  lient  in  surh  a  Buuuier  u 
to  brine  ''"'  miitnis,s  into  the  xtiape  of  ii  rrcort.  When  a 
n;Iort  j.s  employed,  the  neck  must  stilt  be  ilrnnn  out  to  a 
point.  AAer  the  neck  has  been  drawn  out,  the  uiatraa«  or 
rcMort  is  weif^hed  for  the  fourth  lime.  Tlie  neck  in  tita 
ronnetrted  by  meiinti  of  a  tiiix'  of  caoutrhoiic  with  n  iiltl« 
receiver  b,  in  tho  manner  which  is  represented  at  pa^e  9il 
Thi.<  receiver  must  l>e  quite  ßlled  with  pieces  of  cau.«tic 
potaish,  and  must  be  connected  with  u  little  (^lass  tubcf, 
also  filled  with  caustic  potash.  The  elans  tub«  c,  tke 
receiver/',  and  the  caoutchouc  tulie  »re previously  irel|bc4 
When  the  apparatus  is  platted  inxc-ther,  the  glaasbnAit 
^radualiy  healed.  The  hciit  is  alierit  itrd.t  increased  till  il 
is  as  powerful  us  it  can  be  made.  The  ammonia  gai 
is  very  soon  expelled ;  but  a  portion  of  tbr  water  b 
retained  with  much  obstinacy  by  the  cxc«ss  of  lime  anil 
llie  rcHullin^  ^tult  of  lime,  and  can  only  \tc  se|uirut«d  by  ifee 
a|iplication  of  an  extremely  stronf;  heat.  When  tbr  ^W 
bulb  is  of  very  small  circumfcrcncr,  ttic  igiUtiuu  caa  W 
eft'ertcd  over  a  spirit  lamp  with  circular  wick ;  but  wbni 
tlie  ve«(iel  isof  u  larger  sise,  it  must  be  lieati^  iti  u  .^tuQ 
furnace  over  a  free  charcoal  tire.  When  the  whole  iti  coW, 
the  neck  of  tlie  retort  is  cut  off  at  d,  and  the  rc'ion  is 
weighed.  The  receiver,  the  glass  tube,  and  the  puiat  of 
Ihr  reiorl.  are  weighed  io)reihcr.  Tlie  (joint  is  then  ioti 
and  \t  eio:hed  alone ;  its  weight  is  dednctcd  fi^im  the  wei^t 
of  the  receiver,  and  added  to  the  weight  of  the  rcturt.  IV 
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Separation  of  Hydrogen  from  Chlorine,  Bromine,  iodine, 
nad  ( 'yanog^H :  A  nnh/xis  nj"  Murintir,  Hi^rKhtntmr,  fft/dro' 
iodic,  (iHil  f/ifilrori/nm'r  Aritia. — Tin*  roin|Mitiii»I.s  «!'  byilniKt^t) 
with  rhloriiif,  brnminc,  iodiar,  hihI  cyanoe^n,  or  the  miiri- 
atir,  hy(In>broniic,  hydroiodic,  and  hydrocynnic  afid«, 
si]|ipüiu>d  to  lit-  t:oiitaiiii-d  ill  ui|ue()u.4  tuilutiuns,  aro  quan- 
titatively estimated  according  to  roethodft  which  !mv«bren 
parity  dt'scTiI>etI  in  pi^ccdini;  sections.  The  pn*ri]tilaUon 
of  i[iiirii\lic  acid  '\a  «HVclcil  hy  a  .solution  of  nitrate  of 
«ilver.  The  precipitation  of  thp  hydrobromir  and  hydro- 
iudic  adtbi  ctmld  aluo  \w-  efitM-teil  by  titc  smuc  reagent. 
In  the  (plant itative  osdiuaiion  of  the  hydrocyanic  arid, 
tlip  solution  of  nitrate  of  silver  appears  likewise  to  hv.  the 
hcviX  pnxipitant.  From  tlir  Mcis;ht  of  the  precipitated 
cyanurct  of  silver,  the  quantity  of  the  acid  in  the  sidaiion 
itt  n^rkotied.  It  would  pntbably  be  safer,  to  convert  the 
cyantiret  of  silver  into  uiclallic  silver  l>y  tuition,  and  to 
reckon  from  the  weight  of  the  silver  llic  quantity  of  the 
4qranuret  of  silver,  and  thrnce  that  of  the  hydrocyanic 
icid.  It  in  nccefloary,  in  thin  case,  that  tbo  solution  of 
hyilrocyanic  acid  contain  no  muriatic  acid.  The  above 
melhiKi  of  rflecting  the  quantilaliv«-  estimation  of  hydmcy- 
anic  acid  appears  to  aD'ord  a  more  uccurale  result  than 
another  M  hich  \3  more  frequently  employed,  and  is  a^  fol- 
lowti ;  The  nqiifons  hydrocyanic  acid  is  lirst  mixed  with  a 
soldlion  ol'potasli,  then  with  a  Kiitution  uf  iron  conlainiof; 
bbth  protoxide  and  peroxide,  and  finally  nith  diluted  diu- 
riatic  arid.  A  precipitate  of  Prussian  blue  is  pnKiuced, 
from  the  ueielit  iil' «  hiuh,  the  quantity  of  the  hydrocyanic 
arid  is  calculated. 

Si-parittitm  of  Mttriatic  Acid  (itt»  fret»  othrr  Gast*. — 
When  muriatic  acid  in  the  paseous  stale  is  minuted  with 
other  ^sr.-<,  ii  can  U^  seiwratcd  by  water,  wliich  absorlts  it 
completely  ami  rapidly.  Hic  other  gases  miLst,  however, 
br  in.soliible  in  water.  To  separate  murialic  acid  i^as  ln>ni 
carbonic  acid  pas,  pieces  of  dry  lM)ra\  are  put  throiiirh  the 
mercury  into  the  gaseous  mixture.  The  hornx  alirinriis 
the  mariatic  acid  ^as,  but  does  not  act  on  the  carbonic 
acid  ga«. 

Auaiytis  of  tke  Cemptmndt  af  Hydro^n  and  Carboti.—Ti» 

It  o  2 
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To  this  end,  the  neck  of  the  retort  is  connected  with  a  gjau 
tnbe  filled  with  caastic  potash,  and  the  latter  is  connected 
by  a  caoutchouc  tube  with  another  g^ass  tube  filled  with 
chloride  of  calcium.  Both  of  these  glass  tnbes  must  be 
weighed  separately  before  the  experiment  The  increase 
of  weight  sustained  by  the  caustic  potash  will  indicate  die 
quantity  of  the  water.  The  increase-  of  weight  of  the 
chloride  of  calcium  will  indicate  the  quantity  of  the  am- 
monia expelled  from  the  ammoniacal  salt  submitted  to 
uialysis.  It  has  not  been  determined  by  experiment, 
however,  whether  the  results  afibrded  by  this  method  are 
accurate. 

In  some  cases,  it  Is  possible  to  determine  the  conunor 
weight  of  the  ammonia  and  the  water,  from  the  loss  oS 
we^ht  experienced  on  subjecting  the  substance  to  asimplf 
ignition.  This  occurs  in  the  case  of  some  of  the  double 
salts  formed  by  the  combination  of  an  ammoniacal  salt 
with  another  salt  having  a  fixed  base.  Wben  such  a 
double  salt  is  ignited,  the  acid  of  the  ammoniacal  salt 
combines  with  the  salt  of  the  fixed  base,  and  forms  an 
acid  salt  This  is  the  case,  for  example,  with  the  doable 
salts  formed  by  phosphate  of  ammonia  or  arseniate  of  am- 
monia with  the  phosphates  or  arseniates  of  other  bases.— 
Other  ammoniacal  salts  also,  the  acids  of  which  in  a  state 
of  purity  are  either  completely  fixed  in  the  fire,  or  only 
capable  of  decomposition  by  a  very  strong  heat,  can  be 
completely  and  safely  decomposed  by  gentle  ignition  in 
open  vessels.  The  common  weight  of  their  water  and 
ammonia  can,  therefore,  be  readily  determined.  Salts  of 
this  description  are  those  formed  by  the  combination  of 
ammonia  with  titanic  acid,  molybdic  acid,  tungstic  acid, 
antimonic  acid,  autimonious  acid,  tantalic  acid,  8cc.  Some 
few  of  these  compounds,  if  ignited  in  close  vessels,  where 
atmospheric  air  has  no  access,  are  decomposed  in  such  a 
manner  that  the  acid  is  reduced  to  a  lower  oxide.  This 
arises  from  the  decomposition  of  the  ammonia. 

The  experimental  determination  of  the  ammonia  con- 
tained in  ammoniacal  salts,  can  also  be  effected  by  leaditu; 
the  gas  into  muriatic  acid,  and  calculating  the  quantity  of 
ammonia  from  the  weight  of  the  resulting  sal  ammonite- 
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water,  and  <-nrtiODJc  acid  which  lontinuei«  in  tht*  üu^couti 
State  The  decomposition  is  efiected  innre  rapiiliy  by  the 
rays  of  thti  .sun  than  by  nti-n-  cUiv-Iiphl.  If  an  pxrcs**  t»f 
chlurint'  f^^H  Ihls  iH'irn  eniplow«]  in  (hiK  i>\|MTinH-ii(,  Uifu 
the  gas  remHinin;;  alur  tlie  iln-ouipositioo,  aikI  nhirli 
conitisi.t  of  rarhonic  acid  z^n  and  chlorine  •■as,  wilt  Iw 
»•ompletely  abaorl)«!  by  ii  »oJuiinn  olcausla-  iioliL-iU.  T\m 
i»  not  the  rnsr  when  too  small  a  quantity  of  chlorine  f;n8 
has  bfM^ii  t-mphiyc«!,  brraiise  the  carlionic  oxide  tpi-s  thro 
ptYKluec«!  in  not  »bitorltablr  by  niuKtir  |iot4i»h.  Ni-itht-r  m 
it  the  rn.tc  nbnn  tbc  fni-scouK  mixturv  sabmittcd  to  exami- 
nation «•ontaitiR  othpr  Earw»  than  those  coni|H>sed  of  cart>ou 
and  hydrogen.  Four  volnmeN  of  rhlorine  fms  are  leqiiired 
to  convert  one  volume  of  carburetted  hydroem  in  minimum 
of  carbon,  into  rnrbnnic  and  muriatic  iicids. — 'niiitmetbui] 
of  8e|iamtion  cannot  f^\c  auch  accurate  results  as  arc 
obtaiiK-^l  in  the  nnaly^i.«  of  other  jtane».  As  lhi>  expL*- 
riment  mast  be  pcrl'onuiKl  over  wuler,  the  carbonic  add 
and  the  chlorine  gaa  are  partly  dissoWed  before  the  Tolt'me 
of  either  can  be  properly  measured.  It'an  altcnipl  tu  av(»id 
IbiA  be  made  by  usinc  water  saturated  with  chlorine,  then 
m  portion  nf  chlorine  ether  Ls  formed  while  the  meaKnred 
vnliinir  of  iriiK  foroxaniination  i>^  pa.'i^it'tl  thniii^h  (be  liquid 
inii)  the  lubf,  »hereby  aiiuthtr  ^onr«  t  ol' error  is  produced, 
riiially,  a  portion  of  jni^eotia  clitorine  ether  U  formed  aAer 
the  )ibsor|itioii  of  llic  olcCiant  ^aa  in  the  dnrk,  on  uhieli 
account  (lie  volume  of  the  f;as  nut  abüori)vd  in  the  dark, 
appears  larjier  than  it  shoald  do. 

If  oae  volume  of  rarbtirrlted  hydniprii  eus  in  minimum 
of  ciiriuiu,  is  mixed  iu  a  %\nn»  tube  such  as  is  repn-sciitcd 
«t  piLjfc  3t^J,  with  rather  more  than  twice  its  vobnte  of 
oxygen  Ras,  and  is  then  evploded  by  the  eleelrie  spark,  it 
ia  wholly  converted  iulo  water  and  curbouic  acid.  The 
reauliin^  cariionic  acid  vpvi  ocrupit->i  (he  sanii.-  bulk  ax  the 
decomposed  ri»rbiirettr<l  hydrogen  gas.  After  ihe  explo- 
sion, the  rcAultiuf;  carlKiuic  acid  ^p^  i&  ae|Ktrutcd  from  the 
excess  of  ovytfea  eas  in  the  usual  manner,  mtmcly,  by 
»bsorpliun  by  caustic  )iotash.— If  a  volume  of  ciirburelted 
hydrogen  gas  in  maximum  of  carbon,  is  exploded  in  a 
aimilar  manner   trith    rather   more   than    three   times  its 


396  IIYDRqcitN-  H 

to  opomt«,  in  detenniniiiK  the  qtmnlity  of  «rater  OS^H 
iu  tliese  substaxKreit,  has  been  ilescribed  at  pap;  2fi& 

Qaaatilaticf  Estimatwn  of  the  Watrr  in  HifdnmAäitt 
Water  is  found  iii  t;<ijubiiiutic>ii,  not  ouly  with  saltish 
with  ma<4t  acMs;  and  in  most  cases,  the  hydrou  ad 
hold  it  so  fixe<lly,  that  a  hpat  sufficient  to  roIatUixevil 
with  case  Ik  incapalile  of  separatint;  it  from  nrnls.  H 
rcasoQ  of  thtH  is,  thai  in  the  hydrous  acids  the  waurn 
plies  the  place  of  a  base,  aud  id  generul  coiitaiiui  ibc  h 
quantity  of  oxyjcrn  as  the  \vasa  with  «vhtcb  the  add  6a 
a  neutral  salt.  To  a»i:crtain,  therefore,  tlie  quaolitjrofi 
water,  a  weighed  quantity  of  the  hydroutf  acid  is  laMl 
with  a  base  nith  which  it  is  capable  of  Ibmiiiig  avH 
drous  salt.  The  bMse  then  mmbincs  with  the  add  l 
separates  the  water.  The  reauUins  iuthydroua  salL  Utk 
weighed.  If  the  weiitlit  of  the  base  x»  known,  ii  is« 
noeesäary  to  tieduet  thi?  weight  of  the  re^riltim;  anbjAa 
salt  tVum  the  common  weight  of  the  base  and  Uk'  hyta 
acid,  lo  ascertain  the  quantity  of  water  ciMitained  in  li 
Hcid  employed .^The  l>ase  empIoye<l  in  tJiis  experioieiit, 
nearly  all  raneK,  i»  nx<;ntly-ig7iit(-d  protoxide  of  IradJ 
substance  is  better  adapted  to  tbc  purpose  tha»  eadfl 
alculies,  becniiKe  H  does  not  so  nipidly  attract  COM 
acid.  The  Mei^hediH>rtion  of  the  hydrous  a<rid  it  JJMll 
in  water  and  the  protoxide  of  lead  is  added  in  e&oeu.  H 
whole  is  evaporated  to  dryness,  atid  the  dry  renlie 
heated  to  redness.  But  in  tbat  case,  the  acid  in  the 
salt  must  ho  one  of  \Xwak  which  mere  li^nition  id  oaabl« 
destroy.  If  the  acid  is  capable  of  bciii);  destroyed  bTd 
mode  of  treatment,  the  salt  niustntercly  b«  exposed  te 
considerable  time  to  n  raoderutc  boat,  to  get  rid  off 
water.  The  difference  in  weight  between  this  ignitad 
drie<l  lead  salt  with  excess  of  prutox^idc  of  lead,  and  I 
couioion  weigbt  of  the  hydmus  acid  and  protoxide  of 
employed  in  die  cxperinteul,  iudicatett  the  quanti^ 
water  contained  in  the  hydmus  acid. 

If  the  hydrous  acid  fonujt  with  a  Imse  u  coaiponud 
is  neutral,  anhydroue,  and  completely  insolublu  in 
the  estimation  of  the  water  may  be  clfected  ■ 
'  The  aqueous  solution  ul'  a  weighed  portion  of  the  111 
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Mcitl  i»  DitxccI  with  a  solution  »f  »  stilt  of  this  base.  The 
rrsultini;  nrutnil  insi>liibt<;  salt  in  collectrd  and  weighml, 
and  the  quantity  of  the  water  is  thcu  ralculutrd.  It  i,sonly 
th«  JilTiTcnt  hydralps  uf  Kulphuric  ncid,  however,  that  caa 
be  e^tiiiiiiled  hy  this  priH^CKS.  A  weif>bf(l  qimntity  »f  the 
hydn>us  acid  is  diluted  with  a  lar^'v  quantity  ni'  water  and 
precipitated  by  a  solution  of  chloride  of  baritini.  The 
rcsultinc  milphntr  uf  bnryte«  is  dried  and  weighed.  Tim 
quantity  of  the  xulphuric  acJd  ü  tlius  ascertained  and 
Utentre  also  the  weight  of  the  n-ater  which  wajt  previously 
rcmiliined  with  it. — V'arion«  other  Mcidfi,  as,  for  cxnmplt', 
phuspUorir  aciil,  arsenic  acid,  &c.,  combine  altio  with  bane* 
to  fonn  salts  nliicb  are  insoluble  in  watttr;  yet  iho  qnan- 
,li(y  of  water  contained  in  these  acid»  rannot  be  i-»tiiiiaied 
the  above  proc«-««.  The  reason  of  this  in,  tJial  these 
arid«  are  capable  of  producing  a  variety  of  insolnble  sails  ; 
so  that  nhcn  a  prcripitnte  U  fimncd  by  n  lutAc,  it  does  uut 
connist  ofa  pure  m^utral  compound,  but  in  very  often  con- 
taminated by  a  variety  of  bajtic  compounds.  Thi«  ia  the 
case  even  when  the  diswdved  acid  has  l»een  accurutely 
neiitrHliznl  by  aimniiuia.  Tlie  consequence  uftltLt  is,  that 
it  in  afteruards  necessary  to  determine  by  another  opera- 
tion, how  large  a  quantity  nf  the  ba-tc  the  precipitate  con- 
tains. Tbix  in  accoiupanicd  by  additional  diOiculties,  luid, 
after  all,  one  cannot  always)  obtain  a  very  accurate  resull. 
«ince  the  reHultin;;  compound  is  often  not  quit«!  insoluble 
in  water.  It  is  always  best,  therefore,  to  determine  llie 
quantity  of  water  contained  in  thrive  acids  by  means  of 
protoxide  of  Irm).  Thl.-«  subject  liua  )in.-ii  uln'ady  treated 
of  at  pacpit  1{>H  and  'M9. 

When  the  hydnuiK  acid  for  examination  is  in  the  solid 
state,  it  is  only  necessary  to  mix  a  wei;,'he(l  portion  of  it 
with  a  weighed  portion  of  rrrenlly-ignited  protoxide  ol* 
lead  and  to  heiit  the  mixturt^  to  inmilinn,  provided  the 
resultinK  compound  is  not  dcconipoddble  by  a  red  brrat. 
Th«  quantity  of  water  is  then  ascertained  from  the  loas  of 
weieht.  If  the  arid  fornix,  with  the  pnttoxide  of  lead,  a 
compound  which  nii^ily  fu-ses,  as  is  very  often  tbc  ca«e,  the 
operator  ncw<l  only  lay  the  protoxide  of  lead  over  iJh-  add 
in  the  ptalinum  crucible,  and  then  cautiously  heat  Ibo 
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Analysis  of  a  Guseota  Mixture^  cuntaining  CJa*  of  Mm» 
Carboaic  Add,  Xitrvgat,  and  O^zyf/ffH. — Wbeu  !h«  OU 
retted  hydrogen  gas  is  not  iiiiugjed  with  tül  rlie  di 
naitii»!  ga^tes,  t>ut  unly  wiüi  some  uf  them,  tiiv  uualrsts 
thuii  Itt-  jK-rfunufd  iu  a  siiiii>ler  manner.  The  ^na  ofmu 
coiumunl>  luiiutius  uot  only  carburetted  hydrugpnp 
miaiinuni  of  cnrlmii,  hut  carbonic  »cid  eas  tuid  ulmooiili 
air,  or  nithcr  nitro^-n  t,'as  and  o\y^cu  gas,  Thr  fuh 
of  the  cartxiriic  »cid  gHS  iu  laiiiid  hy  absorplinn  by  caq 
jKilaiili.  Tbu  volume  of  ibe  oxyguu  gas  is,  in  th«  pni 
iuslaiice,  bt-.-(l  axcertaiiiL-d  by  uieaiid  ul'  pliu<ij»iiuru5,  «1 
absorbs  it  witlt  .sult'iritut  accuracy.  Tlii'  p)iUÄj>boni 
placed  in  the  uppci-  part  of  tbcKlf^s  tube  aftur  the fOM 
of  (he  pdtusli.  Tlie  n^1i(]ual  gatt  is  af^i-ranrds  mis^'d  > 
clilttriiie  gas  ov«r  uater,  and  evpuseU  lu  daj-ltj.'blv 
decoiupDiie  tLe  carbtin-tted  bydrogvii.  The  rexuliioi:  i 
boiitc  acid  Kü»,  and  the  excess  of  chloriuc  gns,  arc  pcdm 
by  potash.     The  rcsuiue  is  nitrogen  gas. 

Dfcomposition  of  the  L'ompottttdt  of  Carbon  and  Jit/dn 
bt/  Iguidtm  teith  Oxide  of  Cojtper, — 'l^o  dott^raiinc  nilllM 
racy  (he  proportion  of  llie  elenieots  in  tlic«  luiuiy  cutupoa 
of  carbon  willi  hydrogen,  it  is  best,  wliethrr  tbe  coiafia 
\w  solid,  liqitid,  ur  ^n.s«*oM.<;,  to  convert  it  into  WBttf 
carbonic  acid,  by  icniUun  hiIIi  dvutu?kit)e  of  copper.  ' 
method  of  operating  will  be  fully  described  in  u  subaoqi 
pariijrrapb. 

A  mil'/sis  of  tie  CompOHHdt  of  PhofjifurruM  and  ff^hnge 
The  cumpoumU  of  hydrogen  with  phosphoras,  nhidi 
all  gaseous,  can  be  best  analysed  as  follows:  A  wti{ 
qutintity  of  dry  chloride  or  sulphurct  uf  copper  is  cipl 
to  a  vcF}'  gentle  heat,  und  Uie  pbuspliiircHcd  hydrofrcn 
is  in  Ihe  mean  time  passed  over  it.  The  hydrogen  ol" 
plunspliim^ttcd  hydrogen  gas  (-«mibincs  with  tbe  cUlorin 
form  iiiiiriiitir  acid  gas,  or  with  the  Milphur  loformsill 
nstted  hydrogen  ga»,  wlucli,  in  eititer  i-ase,  tlie:«  atrsy. 
phosphortis,  in  the  biph»  while,  combines  wiili  thcco| 
to  form  pboHphurei  of  fupiM-T,  wbirb  rc-iuiiin«  wholly 
hind.  The  pliuspburet  of  copper  cmituiuK  more  « 
phns|ihorU8,  according  as  more  or  lesa  of  tlt»t  ripmmi 
coutuincd  in  the  phot<p  buret  ted  hydrogen  ga».    Fran 
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arul  is  niixeil  with  a  soliilion  or  n  salt  of  this  basn.  The 
rMuItliifr  n«utr»l  itisolublu  salt  is  cnllrcted  and  weighed, 
and  the  quanlity  of  the  water  t.i  then  ralcitUtnl.  It  iitnnij 
the  diflcrcDl  liydratc^  of  sulphuric  add,  huurver,  that  ran 
be  estimated  by  this  proccf^a.  A  weigfoed  quantity  of  the 
hydnms  acid  is  diluted  with  a  lar>;e  qaanlity  of  water  and 
precipitated  by  a  sohition  of  chloride  of  barium.  The 
TTKullintr  sulphatr  of  barytea  is  dried  luid  weighed.  ITie 
quantity  of  Ihe  sulphuric  arid  is  thus  ascertained  and 
thence  also  the  weight  of  the  water  which  was  prcvioiialy 
eomhined  witJi  il. — Varioti!«  nllter  »rids,  as,  for  example, 
pbosplH>ric  acid,  arsenic  arid,  &.C.,  combine  also  with  buses 
to  fonn  salts  whirh  are  insolable  in  water;  yet  the  quan» 
tity  of  water  contained  tn  these  acids  cannot  be  esliinurcd 
by  Uic  above  process.  The  reason  of  this  is,  that  tJicse 
aeids  are  capable  of  prodacinft  a  variety  of  insolnble  salts  ; 
so  thai  when  a  precipitate  is  fi>nne»l  by  a  l»JLse,  it  iloes  not 
ronsi-it  of  a  pnrr  m'iitml  com|>i)und,  but  is  rrry  often  con- 
laminatnl  by  a  variety  »f  basic  compounds.  This  is  the 
rii.s4'  even  when  Ihe  dissolved  acid  has  been  accurately 
neiitntlixed  by  ammonia.  The  cuusequeneu  ufthiü  is,  that 
it  is  aUcrwanlfi  tieeessary  to  determine  by  another  opera- 
linn,  how  targe  a  ([uantity  of  the  base  the  precipitate  con- 
tains. Thi.s  i.s  ui'cumpiiiiicd  by  additional  didiculties.  and, 
after  all,  one  cannot  always  obtain  a  very  accurate  result. 
since  the  rrsultinc  compound  is  often  not  (]uite  insoluble 
in  water.  It  is  always  best,  therefore,  to  determine  the 
quantity  of  water  contained  in  these  acids  by  means  of 
protoxide  of  IcHc).  This  subject  has  Imh'h  already  trenled 
of  at  pairrs  llfH  and  24». 

When  the  hydrous  acid  for  examination  is  in  Uio  solid 
state,  it  is  only  necessary  to  mix.  a  wei(<he<1  portion  of  it 
with  a  weighed  portion  of  recently-iiniited  pniinxide  of 
lead  and  to  heat  the  mixture  to  isnitinn,  provided  th« 
resnltinß:  compound  is  not  dtxonipi>.*mblc  hy  a  red  heat. 
The  qaantity  of  water  is  then  ascertained  from  the  h>ss  of 
weiffht.  If  the  acid  forms,  with  the  protoxide  of  lead,  a 
corngKHind  which  easily  fuses,  as  is  xer}  often  the  case,  the 
operator  need  only  lay  the  protoxide  uf  lead  over  the  acid 
in  the  platinum  crucible^  and  then  cautionsly  beat  the 


406  HYUROGBN. 

towards  the  end  of  the  process,  when  scarcely  any  more 
ammonia  is  produced,  the  solution  very  easily  rushes  back 
from  the  cylinder  into  the  matrass,  more  especially  when 
the  heat  applied  to  the  matrass  is  not  perfectly  nnifonn,  it 
is  proper,  when  the  operation  is  nearly  at  an  end,  to  raise 
the  glass  tube  out  of  the  muriatic  acid,  and  to  bring  the 
mouth  of  it  immediately  above  the  surface  of  the  add. 
The  danger  of  spelling  the  experiment  is  thus  avoided.— 
The  muriatic  acid  is  poured  from  the  cylinder  into  a  small 
counterpoised  platinum  capsule,  and  is  very  carefully  eva- 
porated to  dryness,  by  a  heat  so  gentle  that  no  muriate  d 
ammonia  can  volatilise.    The  heat  applied  must,  therefore, 
never  exceed  that  of  the  boiling  point  of  water.    When  the 
mass  is  apparently  dry,  the  platinum  capsule  with  the 
muriate  of  ammonia  is  weighed.    The  capsule  is  then 
again  gently  warmed,  to  drive  away  the  last  traces  of  mn- 
riatic  acid  and  water,  and  is  afterwards  weighed  anew. 
This  operation  is  repeated  until  the  two  last  weighings 
agree.    It  is  easy  to  calculate,  from  the  weight  of  the 
resulting  muriate  of  ammonia,  the  quantity  of  anmionia 
contained  in  the  salt  submitted  to  analysis. 

The  methods  above  described  are  adapted  not  only  to 
the  analysis  of  the  compounds  of  ammonia  with  oxygen 
acids,  but  also  to  those  of  ammonia  with  hydrogen  acids; 
or,  what  is  the  same  thing,  to  the  compounds  of  ammonium 
(1  nitrogen  +  4  hydrogen)  with  chlorine,  bromine,  and 
iodine.  Although  the  latter  contain  no  water  of  crystal- 
lisation, yet  it  is  well  known  that  water  is  produced  wba 
they  are  decomposed  by  bases.  The  water  results  from  tbr 
combination  of  the  oxygen  of  the  base  with  the  hydrosen 
of  the  acid  or  the  ammonium.  The  same  phenomena  are 
produced  in  the  quantitative  estimation  of  the  constituents 
uf  these  compoimds,  as  in  the  quantitative  estimation  d 
the  ammoniacal  salts  produced  by  oxygen  acids. 

Separation  of  Ammonia  from  other  Gases. — When  gaseous 
ammonia  is  mingled  with  other  gases,  it  can  be  separated 
by  water,  provided  the  other  gases  be  not  soluble  in  water. 
Gaseous  ammonia  can  also  be  very  well  separated  from  all 
other  gi)ses  with  which  it  can  occur  iu  mixture,  by  means 
of  dry  chloride  of  c£ilcium. 
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Sfjwralioji  of  Hydrogen  from  i'filoriae,  Rromiae,  Iodine, 
tind  C^aogen :  Aaalffsh  of  Jtfurialie,  Hi^drohnimic,  Hi/äro- 
iadir,  (tttd  ffifdrorr/nnir  J  rids. —The:  compounds  of  hyilrojen 
•with  cliloriiu-,  hroiiiitio,  intlitK-,  aiid  ryunogt'ii,  or  lht>  iiiiiri- 
atir,  liydi-obromic,  hyilroiodic,  guid  hydrocyanic  add.«, 
.snppowd  to  I>r  contained  in  aqueous  Koliitions,  «re  <|nini- 
titiitivrly  fslimatnl  accordinj;  to  methods  whirl)  httw  bceu 
partly  df-KcrilHHi  in  pr^crding  Mrclioa;^.  The  precipitation 
«f  mtmatic  acid  i*  eflcrtcd  by  a  .solution  of  iiilrntc  of 
sitvtr.  Tlie  prei^ipitution  of  the  hyilrobroniic  and  hydro- 
iodic  acids  could  alito  he  effected  by  the  same  rcaevnf. 
In  Ihi"  quiintitati\c  estimation  of  the  hyrlroryanic  acid, 
the  Kolution  »r  nitrate  of  rtilrrr  appears  MkewiMv  to  bt-  ttiv 
be.<it  precipitant.  From  the  weight  of  the  precipitated 
vyanurjet  of  silver,  the  quantity  of  tho  acid  in  the  solution 
is  reckoned.  It  would  probiibly  be  safer,  to  convert  the 
cyannret  of  silver  into  metallic  -silver  by  iji^iilion,  und  lo 
reckon  from  the  weight  of  (he  silver  the  quantity  of  tlic 
cyanuret  of  silrcr,  and  thence  that  of  the  hydrocyani« 
acid.  It  iü  niM-e.'«Rur}',  in  \h\s  cH.se,  that  the  .solution  ol' 
hydrocyanic  acid  contain  no  miirlalic  acid.  Tlie  above 
method  of  effecting  the  quantitative  eKtiiuatiunofhydiucy- 
iioic  arid  appears  to  afford  a  more  acrumte  result  thiin 
nnothcr  which  is  more  frequently  employed,  and  U  as  fol- 
lows :  The  aqueotts  hydrocyanic  acid  is  first  mixed  n  lih  a 
Kolntion  of  potash,  then  with  n  Kolution  of  iron  contaiiiinf; 
bblh  pnttoxide  and  )H>nixide,  and  linally  with  diluted  niu- 
riatir  acid.  A  prccipitatr  of  PniN.siaii  liliie  i»  pr«idured, 
from  the  »eisht  of  which,  the  qiianllty  of  thn  hydroryjmic 
acid  is  calculated. 

Stjwration  of  Muriatic  Arid  Gat  from  other  Gnsex. — 
\\''ben  muriatic  acid  in  llie  (tajieoufi  state  is  minfrled  with 
other  gases,  it  can  be  separated  by  ivater,  which  ubsorlis  It 
completely  and  rnpidly.  The  other  ^hach  nnrit,  howrvrr, 
be  insoluble  in  water.  To  i«epnrnte  muriiitic  acid  eas  from 
carbonic  acid  pns,  pieces  of  dry  boni^  arc  put  throtiuli  the 
mercnry  into  the  (ni-seous  mixture.  'Hie  iHirux  absorlis 
the  muriatic  acid  ipu,  but  does  not  »ct  on  tlie  carbonic 
tirid  gas. 

Aaalyxiti  of  the  (ompaunds  of  f/tfdroffeit  ond  f'nrlxm. — ^Thc 
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the  operator  employs  a  sinull  retort.  When  the 
tbp  matrasH  or  retort  has  bi'«o  determined,  an  Jodi 
natc  quantity  of  the  tinf  ly-ptilv»riK<,-d  sail  is  stuJcM  iltl» 
(lie  nt^^k  of  xhe  wasel  is  clfaiiHed  witli  the  plosw  ^ 
realbcr,  auil  th«  whole  is  again  weij^HicMl.  The  u 
thus  uMct-rlains  how  nnich  of  the  salt  i»  emplmrdiodi 
experinieut.  Up  thrn  intrudiKXH  into  lliu  nmuaitt  ■  iiu* 
tity  of  pure  CAUstic  limo  io  One  powder.  Calnüied  Cunn 
marhlo  »nftureni  th«  piii-ptjKe  l>est.  Kuther  tnorr  Ah 
twic?  the  weight  of  tlie  un)inuiiiai:ul  salt  i«tioul(]  br  nl« 
The  two  xitbstancvx  utv  mixt^d  tofrcther  as  accanitelrB 
posMbli',  by  .thuking  Ifau  rt'tort,  autl  the  vessel  it  •*•■ 
wards  wcisiKid  uncw.  Thr  iirrk  uf  tbe  matnus  is  lln 
dra%in  out  to  a  fine  point,  and  is  l)cni  in  such  a  msjimiu 
to  brine  'be  iiiatraHs  into  the  sbitpe  of  n  retort.  ViU«  » 
r«tnrt  is  employed,  lb«  iicrk  niUKt  still  be  dmnii  oui  ui 
point.  After  the  neck  has  l>pen  6rw\s  u  iiul,  the  mtui«« 
retort  is  weigfied  for  Ihr  fourth  time  The  neci  it  in 
connected  by  nieanH  of  a  tulw  of  catmtehonc  wilb  *  liOlt 
receiver  b,  in  tite  niaiinor  uhich  is  represeitlcd  at  pai«^ 
Thifi  i-eceivor  must  be  quite  lilled  with  pieces  orcwM 
potajih,  and  oiuMt  be  (uiineripil  with  a  little  glaM  oAtt, 
ab»  tilled  with  cansttc  pnltisb.  The  rIiisn  tulie  r,  iki 
rereivcrA,  and  lhei:at)Ut<'hi>uc  tubi;  are  previuuslvnri^M 
When  the  apparatiM  is  placed  together,  the  Kia&t  Inib» 
gnu\ün]\y  he:tte<t.  Tbe  heat  is  alli'rwnrdc  iucreUedtMÜ 
iK  as  powerful  as  it  can  be  made.  The  HtntiKMiiy  f> 
is  very  soon  expelled;  but  a  portion  o(  the  «itn« 
retained  with  niurh  obstinacy  by  the  excess  of  liaw  ai 
the  resulting  nalt  of  liinc,  and  tan  only  Im  separated  bftt 
application  of  an  extremely  strong  heat.  Wbea  like  fh* 
bulb  is  of  very  small  cimnnference,  the  ignitioD  cnl* 
effected  over  a  spirit  lamp  with  circular  wick;  bin«l* 
the  vesitl  i»  of  a  lur^tr  sise,  it  mu«t  be  heated  in  a  hh' 
furnace  over  a  free  charcoal  lire.  WlM>n  the  whole  if  nil; 
the  neck  of  tbe  retort  is  cut  olT  at  t/,  and  the  rciort'» 
weif;bed.  The  receiver,  the  g\-<AA»  tube,  and  tbe  puM^ 
ibe  retort,  are  weighed  together.  The  ^Miint  in  tbni4a<' 
and  \teiehfHl  alone;  its  weight  is  deducted  frvm  thondplt 
of  the  ivceiver,  and  added  to  tbe  weit^ht  of  the  letori.  Th 
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water,  ant]  cariKinir  ncJi)  viliirli  roiitinuP5  in  tlir  {nt^vnun 
«Ute.  The  decompusJtioQ  i«  cffettrd  more  rapidly  I»y  the 
ray«  or  tfao  sun  timn  by  merr  iliiy-li|:)il.  Tr  an  i.<\(-4>hs  of 
chlorine  pm  has  been  «-lujittni'i)  in  (liix  t*X)M*riiut'ri(,  lh«*a 
the  ga»  remiiitiinic  alii-r  the  HcvomposilioD,  itnd  wbirh 
conSKSIft  of  iraHioiiir  arid  ^as  »ml  thiorinr  <;a.s,  mIII  Imi 
cuQiplelely  »bHorlMHt  liy  a  solution  of  caustic  |)4>lasl).  'Hiis 
is  not  the  ca^c  when  too  small  a  ijuantily  of  c-liliirinc  jfHS 
hau  been  cniployed,  becauxr  the  rarlinnic  oxide  sas  llu*a 
prodiirifl  iff  not  ahünriNiblo  by  rnuslir  (Mtasb.  Neither  is 
it  the  case  n  heti  tiie  i;aäcou.>i  mixture  Bubinilted  to  exami- 
nation contain»  ottirr  inuicti  than  tbo»c  composed  of  cari>on 
and  hydrogen.  Four  Toliiniox  of  c blorinc  ijas  are  requin-d 
to  ran  vert  one  volume  of  rarlturettedbydniveii  in  uiitiiiiium 
of  carbon,  into  carbonic  and  muiiatic  acids. — 'l^isnielhiMl 
of  f>C|>amtion  cannot  ^ive  such  ncrurule  rt^ult«  a.s  arc 
obtained  in  the  analysis  of  other  gases.  As  the  expe- 
riment must  be  porlurmed  over  water,  the  carlKmic  acid 
and  (he  chlorine  i^aic  are  partly  diüwoWtNl  ttefurelhevul'iine 
»f  eitbt-r  ran  Ih*  properly  measure^l.  If  an  atlcnipt  tn  avoid 
tilid  be  made  by  u.sinf;  water  siilurulcd  with  ihluriiic,  then 
ft  portion  of  chlorine  ether  is  formed  «rbile  the  meastircd 
vohimeofims  for  examinalion  is  passed  throueh  the  li(|iiid 
into  the  lube,  »hereby  «nolhcr  source  of  error  is  pnMlu<ed. 
Finally,  a  portion  of  ^seotis  chtorine  ether  is  formed  nflcr 
the  »bsorplinn  of  the  oleliant  ^s  in  the  dark,  on  nhirh 
account  the  volume  of  the  eas  not  absorbed  i»  th«  dark, 
appears  larger  (ban  it  .«liinild  do. 

If  one  volume  of  carburetteil  hydroi^'n  pis  in  minimum 
or  carbon,  is  mixed  in  a  ^la8.s  lutio  such  ns  is  repn-setitrd 
at  pasc  ''it$i,  »ith  rather  mure  than  twice  iLi«  volunie  of 
oxygen  pas,  and  is  then  explnded  by  the  electric  s|iark,  it 
i«  wholly  converted  into  water  and  carbonic  acid.  The 
resulting  carfM>nin  acid  fpis  «tccupies  the  .lanie  bulk  us  the 
dw'onnioswl  carbureltcd  hydrogen  gu».  After  llie  explo- 
sion, the  re^ultin^  carbonic  acid  gaA  is  sepuniled  from  the 
excess  of  oxygen  cas  in  the  usual  manner,  namely,  by 
abM>rptioii  by  caustic  potash.— It'a  volume  of  curburettcd 
hydrogen  ga«  in  maximum  of  carlHm,  JK  exploded  in  a 
similar  manner  with    rather  more   than    tiurrr   times  it« 
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vnttinu-  ül' oxygen  gas,  it  is  likcwi.sc  rompletcly  coorciujl 
iiilii  water  antl  carbunic  acid  ros;  but.  in  thin  caiie,  fkJ 
volmnc  uf  tbc  rcKiilliii};  curlumic  aciil  jfiis  i«  twi«  a«I«Be 
a»  the  Tültiioe  til'  tlie  curburottL-d  hyilrtt^rn  put  sabnilli^ 
to  experiment. — When  a  tpkucwts  mixture  (»nsist»  of  ihr 
tnti  scirts  ül'  rarbiirctli-cl  Iiydmip-n  gus,  its  volanie  is  tni 
accurutcly  meaf.ureil,  anil  it  is  then  e\pl<Ml<Hl  witb  uxyp* 
f;As.  The  operatorcan  tben  very  easily  find  the  prupoitir« 
of  the  mixed  puses  from  the  ro&ultinjr  volume  of  CBriwn« 
acid  tras.  After  the  expluKion,  raiistir  potui^h  iä  ititrudocnl 
into  tbv  gltiKM  tu  ubiturb  tbccarboaic  acid.  The  dimianlH 
of  bulk  thus  pi-oduced.iudicates  the  volume  iif  tlu^rarlwi» 
acid  «as.  This  must  always  be  larj|:er  than  tht  T«liuurd 
the  iraKeouii  mixture  »tubmitted  to  analysis.  The  aem 
corre.<ipondä  cxaetty  with  tbe  Toliimc  uf  the  nlt^ßaat  pi 
roDtaiited  in  the  gnscou.«  mixture.  Knouin;;  Uiis,  ik 
vdlimii;  uf  til«  i^as  of  niambea  can  ciisily  he  calcvUkl 
If,  for  example,  tbc  guscous  mixture  umounted  to  M 
\olumcK,  and  llic  caifaonir  acid  gas  tu  l^  vülumes.^ 
thepaseuus  mixture  contnim^)  30  volumes  of  olefiaatp^ 
and  2Ü  volumes  uf  ga^  uf  nuirslics. 

The  ])€rluriiiance  of  thi»  exjirritnent  is  attended  vili 
danfi:er.  particidiiriy  when  the  (gaseous  mixture  caota« 
much  olcliant  gas.  The  dccompoäition  is  occompaoial  h 
m  violent  an  explosion,  thaii  (he  thickeM  glass  tubes  «o 
.thiiltcred  to  pit^re»  with  farilily.  It  is  proper,  tbWüfi» 
to  explode  but  a  small  quantity  of  itiu  gus.  at  onre,  mi 
to  wrap  a  cloth  about  the  glass  tube  previotis  to  ikr 
explosion. 

if  tlie  ^ascouK  mixture  cmitains  trc«  liydruccn  gas»  1^ 
resnlis  aßtirdcd  by  tlie  above  method  of  analysis,  ucbji* 
means  accurate. 

Anal^is  of  (tatKou-t  JUixtmrs,  coiitainiitQ  tJu  two  tar*'( 
Carbvretted  Htftlrogen,  witA  JJt/drttyen,  Curhomk  0«^ 
Varbonie  Acid,  tmd  Nitrogen. — -The  jniscoutt  mixtureawkid 
contain  the  two  sorts  of  carbunjtted  by  «Irogcn  ens  eand» 
contain  free  hjdrogen  gas,  carbonic  oxfde  gas,  cailw» 
acid  giUj,  und  nitrogen  gas.  These  .six  E:a.s«!ts  cob  be«^ 
rated  from  one  another  by  tbe  fotlu%ibiug  ptocess:  Tb 
vuUinie   of  the  giiseuus  mixture   is   fint    measured  ««* 
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mcrrury.  Tbc  rarlxinic  aciil  gna  is  Iheii  removed  by  a 
piece  ormni.stcncil  otiiattc  p^jtiuth,  which  is  ntaiCMii'i)  on  iin 
iron  «ire,  nnH  pushed  through  the  moretiry  ioto  ihe  go«, 
Aftfr  »hsdrption,  the  poiash  is  drnwn  nnt,  and  llu^  volume 
of  the  rnrboiiir  arid  ^an  i.s  eHtJnmled  fruin  Üif  iliminuiion 
of  hulk.  The  ojieralor  theu  introduces  potti-säiuiii  into  the 
upper  pnrt  of  the  tuire,  which  must  be  held  in  an  inclined 
position,  »nd  heated.  The  (lotassium,  if  added  in  suflifient 
(jiumtity,  deconi{iOKeu  (he  earhonic  u&ide  giis  conipleU-ly, 
hut  dofji  not  act  on  the  other  ^'a^es.  The  carbon  of 
the  cnrlMinic  oxide  ^5  is  depositc<l  upon  the  pt^nn.ssium, 
while  Ihr  uxy^cn  iK^loii^n^  to  it  enti-ra  into  lumhiniitiim 
with  the  pottt5»iuin.  The  diminution  or  the  bulk  of  the 
ffiin  inlimiilcs  the  voliinip  nf  the  rarlKmie  tivide.  A  nii>ii- 
sun-d  voliimi-  nf  the  n-sidual  khh  Li  tlieu  tnmlL-d  o\erwiiter 
in  flarkni-ss  with  ridoriiic  gas,  in  the  maimer  dt-scribed 
alK)\c.  The  olcliaot  fja-s  is  thus  remoied.  The  residue  is 
then  e\puscd  »ith  chlorine  go»  to  day-Heht ;  U|Hm  which, 
Ihe  i^iui  of  ninrshes,  and  the  free  hydrogen  gns,  Imth  >  •>m- 
biav  with  chlorine.  Tlie  mixture  mii^t  not  Ik*  i>\po.'u-d  to 
the  direct  rajs  of  ihe  sun,  for  if  much  tn:v  h<tdnn;i-n  Ik- 
prcM,i)t^  ail  evphisiun  may  Ik-  occasioned.  'Hie  giu  of 
murühcs  leaves  carbouic  arid.  Thi-  muriatic  acid  pt.s  pro- 
duced hy  thi--  eomluniitionof  theehhtrinc  with  )h»  hydni;;en 
of  the  Kan  of  marslH-s,  and  with  tliv  free  bydrot;e»,  tu 
alisorlx'd  by  the  water.  Th(>  residual  gas  is  Khakrn  with 
UM-rcury.  which  repuratc«  thi*  excess  of  chlorine.  The 
carbonic  acid  peas  is  then  ahsorhe«!  in  Ihe  nsual  manner  by 
causlii-  potash,  and  itii  \olume  is  UiKertained.  Hereby, 
the  quantity  of  Ihe  ro«  of  mnrshe«  is  ascertained ;  for  Us 
rolume  is  tipial  to  the  vrdume  of  the  re^uliini;  ri.t-lNinic 
acid  glut.  Thr  rcniuimh-r  con.si.st.s  of  nilro^L-n  gas,  which 
is  DOW  measured.  'ITir  volume  of  Ihe  free  hydrogen  (taa  in 
iineertiruic<l  fruin  the  loss.-Tt  \till  be  understood,  that  this 
openttion  rauuot  »ivp  very  acciimtc  rcsutu.  Mcverlhc- 
less,  ihe  re.tults  obtained  approach  ihe  iralh  pretty  nearly ; 
and,  since  the  exHminiilion  of  snrh  gitM-nus  niixlurcä  i« 
almost  always  umlertfikrn  fnr  merely  ti*<'hniral  pur|>o.scs, 
the  restilts  ohtainetl  by  this  mode  uf  experimenting  may  lio 
«untiidercd  as  suflicicntiv  accurate. 


412  HYDROGEN. 

Analysis  of  a  Gaseous  Mixture,  containing  Gas  of  Mankes, 
Carbonic  Acid,  Nitrogen,  and  Oxygen. — When  the  caihu- 
retted  hydrogen  gas  is  not  mingled  with  all  the  above 
named  gases,  but  only  with  some  of  them,  the  analysis  can 
then  be  performed  in  a  simpler  manner.  The  ^as  of  marshes 
commonly  contains  not  only  carburetted  hydrogen  gas  in 
minimum  uf  carbon,  but  carbonic  acid  gas  and  atmospheric 
air,  or  rather  nitrogen  gas  and  oxygen  gas.  The  volume 
of  the  carbonic  acid  gas  is  found  by  absorption  by  caustic 
potash.  The  volume  of  the  oxygen  gas  is,  in  the  present 
instance,  best  ascertained  by  means  of  phosphorus,  whicfa 
absorbs  it  with  sufficient  accuracy.  The  phosphorus  is 
placed  in  the  upper  part  of  the  glass  tube  after  the  removal 
of  the  potash.  The  residual  gas  is  afterwards  mixed  with 
chlorine  gas  over  water,  and  exposed  to  day-light,  to 
decompose  the  carburetted  hydrogen.  The  resulting  car- 
bonic acid  gas,  and  the  excess  of  chlorine  gas,  are  removed 
by  potash.    The  residue  is  nitrogen  gas. 

Decomposition  of  the  Compounds  of  Carbon  and  Hydrogen, 
by  Ignition  with  Oxide  of  Copper. — To  determine  with  acca- 
racy  the  proportion  of  the  elements  in  the  many  compounds 
of  carbon  with  hydrogen,  it  is  best,  whether  the  compound 
be  solid,  liquid,  or  gaseous,  to  convert  it  into  water  and 
carbonic  acid,  by  ignition  with  deutoxide  of  copper.  The 
method  of  operating  will  be  fully  described  in  a  subsequent 
paragraph. 

Analysis  of  the  Compounds  of  Phosphorus  and  Hydrogen.— 
The  compounds  of  hydrogen  with  phosphorus,  which  are 
all  gaseous,  can  be  best  analysed  as  follows :  A  wei§^ed 
quantity  of  dry  chloride  or  sulphuret  of  copper  is  exposed 
to  a  very  geutle  heat,  and  the  phosphuretted  hydrogen  ^»a 
is  in  the  mean  time  passed  over  it.  The  hydrog'en  of  the 
phosphuretted  hydrogen  gas  combines  with  the  chlorine  to 
form  muriatic  acid  gas,  or  with  the  sulphur  to  form  sulphu- 
retted hydrogen  gas,  which,  in  either  case,  flies  away.  The 
phosphorus,  in  the  mean  while,  combines  with  the  copper 
to  form  phosphurct  of  copper,  which  remains  wholly  be- 
bind.  The  phosphuret  of  copper  contains  more  or  less 
phosphorus,  according  as  more  or  less  of  that  element  was 
contained  in  the  phosphuretted  hydrogen  gas.     From  the 
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w«it;ht  ul'  iIk-  i-esu]tit)ß;  iitio^pliuret  uf  copper,  Üic  (|uaDUty 
of  «'OpiHT  in  which  iü  known,  since  tho  cvperinient  iti  per- 
fonuocl  with  a  neighed  portion  of  chloride  or  .siilphurM  of 
copper,  ihc  roroiKmtion  of  tho  phu.sp[iiirrttci]  liyiiro^cn 
ga.t  can  hi-  nilcnlata!.  Tlie  >poulitnfuiKs!y  i nil «nini able 
phospbnrelted  bydrofrea  gas  alvrays  contalnri  hydrogen  gas 
in  a  »talc  of  nwre  ndmixture.  The  sulpbnrct  of  copper  ifl, 
hoHOYor,  not  ul  all  ultarLed  by  hytlro^fn  ?as;  nor  is  the 
chlnrirk-  of  €op|MT  or  thr  resulting  phusphiirft  ol'  copper 
■fltxttHl  by  faydrogeii  ^as,  except  at  a  tenipcratui-e  niuch 
higher  (Imn  any  Mbich  ne«d  be  employed  in  the  cxpe- 
rinient- 

Afuilystt  of  the  iituroiu  Compotind  of  Sulphur  and  Hydrr^ 
gra. — The  g:aseoU!t  com]>mind  of  .sulphur  nnd  hydroeen, 
culled  Hiilphnrelled  hydru^rn  gtiN,  is  quantitatively  r.sli- 
mttted  by  (be  pniccM already  dcttcribcd  at  pasc  £%t.  Uheu 
the  volume  of  this  compound,  which  may  o\i«t  in  a  j^nHeous 
mixture,  is  to  be  determined,  the  gas  may  be  fnlly  alK^tprbed 
by  vuriou.«  suhiitaiices.  The  absorption  in  Itest  eflerteil  in 
the  same  mantM-r  u.<i  tlic  ubxorption  of  carbunit  arid  jnut. 
A  piece  of  moistened  caustic  potaäh  is  fastened  on  the  end 
of  a  thin  iron  wire  and  pns^>d  throuirh  the  mercury  into  (he 
JOUH  mixture.  Tlie  .sulphu  ret  teil  liydroicen  ^vi&  is  thus 
ipletely  absorbed.  But  if  the  g88W)us  nii\tiirv  ronlains 
other  piJM's  ulüo  su.<iccptible  of  complete  nlisorption  by 
mu.slic  polOMh,  as,  lor  example,  carbonic  m'iil  i^iix.  and 
Hume  other  f^iscous  acids,  tb«n  the  sulphnretted  hydrogen 
gHS  muHt  111'  abs4)rl»i>d  hy  acetate  of  lead  Htr<iu<;ly  niuihtened 
with  iuelic  ncid,  «ir  instt-ad  »if  that,  by  a  ronceiitraieil  »olu- 
tiou  of  acetate  of  Icud  mived  with  acetic  acid,  nhich  is 
inc-aiMible  uf  ahsorbinf;  curliunir  acid  puf-  ^Vtlcn  muriatic 
acid  ^1-  and  sulphuretted  hydrogen  |;as  exist  in  mivture 
together,  fh«y  may  bu  .sepumted  by  a  very  kuiuII  p«)rlioii  of 
wat4*r.  Tliis  very  eiucily  dis-HolTe«  the  muriatic  arid  gtis, 
but  takes  up  a  far  smaller  quantity  of  the  sulphun-tted 
hydroj;en  {;as.  Since,  however,  the  sulphuretted  hy<lri)(;eti 
pKfi  is  in  some  measure  dissolved  by  the  water,  it  is  lu-lter 
to  employ  iMirav  to  separate  these  two  jjasoef.  Tliis  is  a 
nictliofi  which  has  lieen  recommended  by  Cluzbl  (Amuila 
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de  Ckimie,  lxXxiv.  p.  110).  Borax  easily  absorbs  muri- 
atic acid  gas,  even  when  it  is  employed  in  lumps.  It  would 
also  be  possible  to  separate  sulphnroos  acid  gas  from  car- 
borne  acid  ^as  by  nsiag  borax,  which  absorbs  all  the  strong 
acid  gases  but  not  others ;  yet  the  method  described  at 
page  310,  of  separating  these  two  gases  by  brown  oxide  of 
lead,  is  still  preferable. 

In  all  experiments  with  snlpbnretted  hydrogen  gas  over 
mercury,  it  must  be  borne  in  mind,  that  this  gas  is  decom- 
posed, even  in  the  cold,  though  slowly,  by  the  mercury. 
Sulphur  is  absorbed  and  hydrogen  set  at  liberty.  The 
volume  of  the  gas  remains  unchanged. 

Precipitation  of  Sulphuretted  Hydrogen. — When  snljAa- 
retted  hydrogen  is  dissolved  in  a  liquid,  it  can  be  best 
estimated  by  precipitation.    The  liquid  is  mixed  with  the 
solution  of  a  metallic  oxide,  with  which  the  snlphuretted 
hydrogen  can  form  an  insoluble  sulphuret.     The  operator 
can  employ  for  this  purpose  a  solution  of  nitrate  of  silver, 
or  of  perciuoride  of  copper.    The  use  of  acetate  of  lead  is 
less  advisable.     When  the  resulting  sulphuret  has  been 
separated,  it  is  proper  to  treat  the  sulphuret  of  silver  or 
sulphuret  of  copper  with  fuming  nitric  acid.     Complete 
oxidation  should  be  effected.    The  sulphuric  acid  thas 
produced  is  then  precipitated  by  a  salt  of  barytes  as  sul- 
phate of  barytes.     The  operator  determines  the  weight  of 
this  precipitate,  and  calculates  thence  the  quantity  of  tbe 
snlphuretted  hydrogen.     This  method  is  in  every  respect 
preferable  to  that  according  to  which  the  quantity  of  die 
sulphuretted  hydrogen  is  calculated  from  the  weight  of  tbe 
metallic  sulphuret ;  for  if  any  chlorides  were  present,  tbe 
nitrate  of  silver  would  not  only  precipitate  sulphuret  of 
silver  but  chloride  of  silver.    This  could  be  prevented, 
indeed,  by  the  addition  of  ammonia ;  but  then  other  snb- 
stances  might  by  that  means  be  precipitated. — This  method 
of  estimating  sulphuretted  hydrogen  may  be  employed  with 
good  effect  in  the  analysis  of  sulphurous  mineral  wateB, 
or  in  other  cases  where  small  quantities  of  sulphuretted 
hydrogen  gas  are  dissolved  in  a  liquid.  The  operator  most 
remember,  however,  that  the  presence  of  metallic  sulphii- 
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ffis  in  «olulion,  as,  for  example,  sulphiiwl  t>f  pntnusiiim 
and  siilpliiirt't  of  .todium,  can  also  pr^cipitattr  ttie  melullic 
oxides  a.s  insoluble  sulptiurcts. 

Sc]>ar»fioit  of  f/ydrtytti  from  Sr/rtjitw,  Tellurium,  and 
Anc*'nir.— The  eascouA  compoundtf  of  si^lcnium  and  tellu- 
rinni  with  hydrugcn,  are  go  very  siniJlar  lu  »iulphnretled 
hydrogen  ga.<t  that  lltey  ran  I»'  .si^parated  fnim  utlxT  ^ajii-s 
and  quantitatively  «•stimate«!  iu  tlie  sumc  manner  as  the 
latter. — With  r«8|K!Cl  to  the  gaseous  compoimd  of  iirspaic 
witli  liydroRen,  vc  have  only  to  obitcrvc,  ilmt  do  method  of 
efltH-ting  it«  separation  from  other  ^ajie;),  and  of  e«itimaling 
its  quantity,  has  yet  Ix^cn  discovered. 

Ana(i/xia  nf  Ortfiimc  Sithstane^f. — We  have  now  to  treat  of 
Ibe  quaiitilaUve  eHtimatioii  of  ih«  solid,  licjnid,  and  even 
eaäeoiu  compounds,  containing  hydroj;*-»,  by  mcuii.s  of 
cmubustion  with  chlorate  of  potash  or  deutoxldc  of  copper. 
Tho  Hubstaaces,  of  which  the  compositioD  is  thus  deler- 
mined,  consist  principally  of  hydrogen,  CHrlion,and  oxygen, 
or  of  hydrogen,  carbon,  oxygen,  and  nitrogen.  They  arc 
commonly  termed  organic  suluituncc».  It  Ihls,  however, 
been  otlcn  n-markcd  in  the  pn-icedinjr  pa^s,  that  many 
Other  subäliuicc^,  particularly  such  a»  coDt&in  c&rbou,  can 
also  he  liost  analysed  in  this  manner. 

It  is  impossible  lo  frive,  in  ihiä  Manual,  any  acrouDl  of 
the  methods  of  äeparatin>r  organic  substimrcs  into  what  arc 
called  their  proximate  ctementK.  What  in  to  Ik-  rxplaineil 
here,  is  the  method  of  revolving  oD^doir  Ixidics,  with  accu- 
racy, into  their  ultimate  etemcnis.  The  decomposition  is 
effected  by  oxidiining  the  eimülitiientfi  of  the  organic  bodies^ 
by  converting  llie  hydron:en  into  water,  the  carbon  into 
carbonic  acid.  The  nitrogen  alone  can  never  be  oxidised. 
It  iit  always  obtained  in  the  Klate  of  nitrogt^n  gu».  Tho 
water  produced  iu  the  operation  is  accurately  weighed, 
and  the  respective  rolumeK  of  the  n-sultiog  CMrlmnir  acid 
and  niirogpn  gajws  are  measured.  The  composition  of  ihc 
»ubstance  suhmilted  lo  exuniination  can  then  lie  easily 
calculated.  The  quantity  of  the  oxygen  conlainetl  in  tho 
tfubdtaac«  is  almost  alway^i  bettt  estimated  from  tlie  los5. 

Emplmfmeiit  of  (,'Aturate  of  Fotath,  in  the  DecontiKmtwn  of 
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Organic  Substances.~GAY-LvasAC  and  Then  ARD,  as  well 
as  BsRZELiue,  employed  chlorate  of  potash  in  their  eartier 
analyses.  The  üobstance  to  be  examined  was  minted 
therewith  and  ignited.  The  individual  constitaents  of  tbe 
substance  then  became  oxidised  by  the  oxygen  gas  set  at 
liberty  by  the  chlorate  of  potash.  Gay-Lussac  andTHK- 
NARD,  who  perfonned  the  first  accurate  analyses  in  tiiis 
manner,  contrived  a  very  ingenious  apparatus  for  the  -pm- 
pose  ( Recherches  Phi/sico-Chimiques,'i.n.  p.  269).  But  this 
instrument  was  of  such  a  nature  as  not  to  admit  of  tbe 
direct  weighing  of  the  water  produced,  so  that  the  quantity 
of  the  water  had  to  be  reckoned  from  the  loss  experienced. 
In  consequence  of  this  failure,  the  quantity  of  hydn^im 
contained  in  the  substance  submitted  to  experiment,  was 
determined  with  far  less  accuracy  than  when  the  resulting 
water  could  be  weighed.  The  inventors  of  the  apparatus 
have  therefore  of  late  abandoned  the  use  of  it. 

According  to  Berzelius  (Lehrbuch  der  Chemie,  T.  lil. 
p.  161),  the  decomposition  by  means  of  chlorate  of  pota^ 
is  perfonned  as  follows.  The  substance  for  examinatioo, 
either  in  a  state  of  purity,  or  combined  with  oxide  of  lead, 
which  is  the  better  method,  is  mixed  with  chlorate  of 
potash,  and  put  into  a  long  glass  tube  closed  at  one  end. 
The  tube  has  an  interior  diameter  of  half  an  inch.  The 
mixing  of  the  substance  for  examination  with  the  chlorate 
of  potash,  is  performed  in  a  mortar  previously  heated  to 
+212"  F.  or  even  higher,  that  it  may  be  perfectly  dry.  One 
part  of  the  substance  is  very  accurately  mixed  with  five  or 
six  parts  of  dry  chlorate  of  potash.  The  mixture  is  after- 
wards nibbed  together  with  ten  or  twelve  times  its  weight 
of  chloride  of  sodium,  recently  fused  to  deprive  it  of  mois- 
ture. The  mixture  must  be  made  with  great  care,  and  the 
mortar  must  be  kept  constantly  hot  during  the  operation, 
that  no  moisture  may  be  absorbed.  The  mixture  is  then 
put  into  the  tube ;  the  portion  which  adheres  to  the  mortar 
can  be  completely  removed  by  being  rubbed  with  small 
quantities  of  the  dry  powder  of  chloride  of  sodium.  IV 
operator  first  places  at  the  bottom  of  the  tube,  a  mixtntr 
of  chloride  of  sodium  with  a  little  chlorate  of  potash.  11« 
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mixture  is  tlien  inlnKliircd  ahovo.  Tlic  Inst  lotirth  part  uf 
tilt!  mixture  is  mixed  with  an  »dditional  qnantity  f)f  fluo- 
ride of  sotlimn,  in  order  (hitt  the  drcou)|M>silioii  rnny  be  more 
»easily  tnitnagcd  ut  the  roiiimeucement  or  the  oiwratioii. 
Above  the  mixture,  a  small  qaantity  of  cliloridc  of  «odium 
mixed  with  a  little  rtilorale  of  potash,  is  placed.  By  piit- 
titig  L'hiurate  u(  polu-sli  both  IwlVir«  und  atier  tlie  tiuhstauce 
which  is  to  be  decomposed,  two  very  important  object»  are 
gained.  lu  the  first  place,  the  o|>eratioa  commences  nith 
a  disenKugemeDt  of  oxygen  gas,  so  thnt  tb«  substance  to 
be  decomposed  t.<t  already  in  nn  atmosphere  of  oxygen  ^as, 
»t  the  moiuetil  M'heu  tlie  heat  Iiegins  to  act  u{hji)  it.  Ami, 
secondly,  when  the  decompo:iilioii  is  ended,  the  carbonic 
acid  ga»  and  atiucouä  vajiour  remainiug  in  ihc  tube  und 
other  parts  «itlic  apparatus  are  effectually  driven  forward 
to  their  proper  place«  by  the  final  current  of  oxygen  gas. 
When  the  cntir«  mixture  has  thus  been  placed  in  the  tube. 
the  iip|>vr  part  of  the  tube  is  drimn  out  over  u  lump,  und 
the  point  is  lH>nt  at  an  obtuse  anj^le. 

The  contracted  point  of  tbe  tubf  is  placed  in  a  little 
TeKsel  which  üervCH  as  u  receiver.  This  has  the  shape  of 
the  annexed  li^iire,  r,  and  must  be  as  small 
ns  possible.  Tfiis  vessel  is  (nancrte<l  with 
the  tulw,  a,  iu  nhicli  the  rmuhuslion  is  upe- 
raled,  by  &  tube  of  Indian  rubl>er.  The  use 
of  this  receiver  is  to  collect  the  water  pro- 
duced during  ibu  experiuienl.  That  none  of 
the  water  may  be  lost,  the  fras  nhich  pa.ssc.<i 
from  the  vessel  c  is  le<l  into  a  glass  tuln:,  r/, 
lillcU  with  chloride  of  eaiciuia  and  connected 
with  iJic  receiver,  e,  by  a  tube  of  Indian  rublR-r.    The 


other  end  i)r  the  tulK-,  d,  is  eonnecn*<I  by  a  tulx?  of  Tinlinn 
rublier,  with  u  gus-conUuctiog  tube  leading  to  the  mercurial 
trough.    Tlio  foUowiiii;  figure  represents  the  whole  uppa- 
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mtus.  The  rweivcr,  the  tube  with  the  chloride  of  cftldni, 
and  tlie  caoutchouc  connectors,  are  all  wci^bod  bcförr  Ac 
experiment. 


The  pressure  of  the  mcrrnry  in  the  trouy:h  upiin  llwr» 
which  is  il isrni:»ged  from  the  tnbo,  .souicthucs  camei  ik 
expansion  of  the  tube  while  soHencd  by  the  hvat.  lonri 
a  defj^ree  as  to  produce  a  hole.  To  prcTcnt  this,  ihe  l*bpr 
is  wrapped  rnimd  very  tii^dit  «ith  tliin  tio  plate,  ani  i* 
tiiitiiid  rniind  uiili  inm  »ire.  The  liit>e  thus  anaed  h 
heated  iu  an  oblong  furnace,  vrhieh  caii  be  set  op  wiihi 
few  bricks.  The  heat  is  fir:>t  »pplied  to  tin*  upper  partof 
the  tube,  and  the  lower  pan  is  prote<-tcd  trom  the  heal  bf 
a  moveable  screen  of  iron  plate,  which  is  so  contm«d  tbi 
the  lube  can  piisK  thn)ii<;li  it.  The  »nrrcn  is  moved  back* 
wjinis  ill  pro]>ortion  n»  the  combustion  ]>r(K-ced£.  uhilrlhr 
upper  part  of  the  gistati  tube,  where  tht^  combuittiat  i» 
ended,  is  kept  in  a  constant  .ttate  of  i^ition. 

The  quantity  of  the  substance  snbtiiitted  to  anilnit 
miiiit  not  ))e  too  }Or^al>  when  all  the  ^as  it  produces  i>  t» 
be  collected;  live,  or,  at  most,  right  frmintc  is  tbe  prn|« 
quantity.  If  tbe  substance  contains  only  liydrogon.carlKW. 
and  oxyj^^n,  then  merely  the  quuniity  of  the  water  aitd  tk 
carbonic  arid  gas  is  determined.  Tbe  quantity  of  llv 
water  is  ascertained  by  direct  weigbinii:.  A  little  waw 
always  remains  in  the  sharp  point  of  the  tube  in  wbicliüir 
combustion  i«  eUccled.  This  point  is  llnitcfore  cut  i^ 
witha  file,  and  weighüd  with  Mie  receiver  and  the  chlonA- 
of  ralciiim  tube.  It  ix  afterwards  s«*parat04l,  dried,  tai 
weijHied  alone.  The  wcighl  i.s  deducted  frum  the  wrirf«, 
of  the  receiver  and  the  tube  weighed  with  it,     Whai 
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figure. 


c. 


I  latter  then  weigh  more  than  they  neif^hed  hcrore  the  expe- 
I  rinient,  is  eigiiii)  lo  the  weight  (ifthc  wnlcr. 
I  The  <|iuuitity  of  till!  resulting  ga-s  cun  be  eslimatctl  uitlier 
'  ucc(>n!inK  to  weight  or  to  volume.  In  the  Qr^^t  case,  it  i» 
c«llwtc<l  under  h  bell  pliiss  sufficiently  large  to  reci'ivt'  tUI 
lb*'  k:is  (liaen^aittNl  dnrini?  the  exiRTlmeiil.  The  operutor 
introdiu'eM,  Into  this  receiver,  a  little  glass  vessel,  contain- 
iDir  iraualic  jiolasb,  and  tiound  over  at  the  month  with  gluvo 
Imther.  ThJ»  little  vesäel  has  the  furm  of  the  »nncxcd 
Alter  it  lias  been  weighed,  it  in  fiu^tcncd  by 
meaji»  of  the  Liiob  at  the  bottom  lo  a  fine 
i^iitinl  iron  u  ire,  by  nhirli  il  can  lie  pushed 
thn.)ugh  the  mcrciirj-  into  Uie  rtxeivcr. /. 
>Vhou  th«  mercury  ceases  to  ascend  iu  the 
receiver,  the  whole  is  allowed  to  repose  for 
twelve  hours,  the  vessel  e  reioainiiig  iu  iho 
Receiver.  At  the  end  of  that  time,  the  ves- 
sei  e  is  taltcu  ciul,  cleunst.^  from  iiiHiering 
particle«  of  mercury,  imd  wei^chetl.  The  iucrease  of  weight 
indicates  the  quantity  of  carbonic  acid. 

If,  on  the  cootraiy,  the  ffim  is  to  bo  estimated  according 
(o  volume,  the  o[>eralor  must  collect  the  »as  in  glas^  tubes 
of  not  tu«t  tpTut  II  diameter.  Thcjvc  tul>cs  must  be  (gradu- 
ated, and  it  is  always  hcsl  when  lliey  are  divided  inla 
cubic  centimeters  (sec  papc  383j.  Several  of  these  tube* 
should  be  In  readiness,  that  the  opeRitnr  may  Itp  able  to 
colled  all  the  gas.  They  must  be  pressed  into  the  mercury 
until  the  latter  stands  e<|ually  high  both  within  and  without 
the  tulw.  Tlir  carlionir  »cid  must  then  tte  ab»orbcxl,  in  tito 
well  known  miinncr,  by  a  piece  of  moistened  potash.  Oy 
this  ntvaus,  the  operator  ßnds  Üie  volume  of  tlie  carbonic 
acid  jjas.  fn>m  which  lie  then  calculates  the  rjuaiitily  of 
carbon.  This  method,  however,  is  subject  to  more  acci- 
dents tluui  the  former.  JIbrzkliu8,  therefore,  always 
employs  the  former  method,  whtii  the  sulxstanre  submitted 
to  niiitlysis  contains  no  iiitru;;eii.  When  nitrojien  furnis  a 
constituent  of  a  sututtuucu  thus  examined,  it  is  necessary, 
as  will  be  described  farther  on,  to  mlopt  aoothirr  coursr  of 
procniure. 
'I'his  method  has  the  advantage  of  pcnnittlaK  tbe  qnan- 
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tity  of  the  liydrugeii  (o  be  csümati^d  with  p«at  nccimrr, 
since  the  water  aOurdcd  by  ihe  decomptiKition  is  rollenrd 
aiid  weighed.  Wlicn,  howe\pr,  Ibe  subsiaucv  Miibmillnltu 
anulysis  is  not  quite  nnhydroDH,  then  the  warrrdtiiiunr^i* 
partly  that  wbici)  wuK  pro^t'nl  in  tbo  compound,  {xirllrtlui 
produced  by  tbe  hydrogen. 

Employment  of  Oxidf.  nf  Copper  ia  the  Anatyais  of  Orgm^ 
Substances. — Cbhiratt;  uf  pntiLsb  rannnt  be  employed  wiib 
ndvuiitugc  in  the  »naly.tJ:«  of  Mthstance»  uhirh  coniiLa 
tiitru<^ei).  The  excess  of  oxyjren  can  i-a.sily  pruduci-  uilnr 
arid,  and  on  eraployin};  a  .smaller  quantity  of  rhioraird 
potaüb,  tbc  combustion  is  ffffctcd  but  imprri'ocily.  <*»»■ 
Lt'SKAC  has  tberelbrc  recoaimendcd  the  doutoxid«*  ** 
copper  to  be  eniployed  in  decompositions  of  this  de8CTip> 
tion.  The  superiority  of  dciitoxidc  of  cop|M?r  over  chlontu 
of  potuKb  in  now  so  iinivcrsiilly  acknowledged.  Ihm  il  a 
ahnost  invariably  employed  in  oreriinic  analyses,  t-rcn  «iti 
substances  which  do  not  contain  nitrogen.  Oäv-Li'S>*c 
recommended  at  first,  for  the  prevention  «vf  errors  ifl  At 
rase  of  the  prodiiciion  of  nitric  acid  by  sithxtaDCCJi  run- 
taining  nitnigcn,  Uic  putting  of  metallic  copper,  in  tbe  nuv 
of  fUings  or  spirals  of  fine  win;,  into  the  tulx-  above  tht 
oxide  of  copper,  and  considered  that  it  wiittld  be  pntp«-rli' 
keep  this  inetaUir  copper  in  a  continiinl  state  of  it.iut>oe 
during  the  experiment,  in  order  that  (he  oxides  of  nitmsvi 
niiglit  be  reduced.  Acconliusr  to  BBRznL.ii;ft,  bowrttr, 
this  precaution  is  qtitte  unnrceäsary. 

The  apparatus  employed  in  these  experiments  has  nfln 
been  so  conlrivcd,  that  tbc  water  produci-d  by  the  \ieam- 
jHMiitJo»  could  not  be  weighed.  Insucba  case,  tlic  quautitf 
of  hydrogen  contained  in  the  sabstauc«  submitted  I» 
Analysis  must  bo  usccrtaimil  by  caJculalioo.  T(  h  thes 
neiTssary  to  >vei{;h  the  lube  with  the  detitoxide  of  ccqiprr 
both  before  and  after  the  experiment.  The  loss  of  wti^l. 
siiKtaincd  in  amse(|uct]ce  of  tbe  ignition,  indirates:  at  ottct 
llie  quaiitiiy  of  the  substance  submitted  to  i-xaminaiinB. 
and  of  Ibc  oxygen  of  which  the  deiitoxide  of  copuM*  bv 
been  depriv<;d  by  tlie  combustion.  If  the  vvriubt  ttfthr 
resulting  );a.ies  is  then  determined,  the  üHference  brlwrra 
this  weiKJil  and  tbe  low»  of  neigbt  sustained  bv  tbe  tubr.ii 
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the  Wright  of  thn  niiirr  pnMliirccI, —  Arrnrdinc  (o  Bf.rzf- 
Lius,  howe%'€r.  it  is  e\treiiiely  difficult  lo  «tich  ihc  IuImj 
after  the  ignition  with  a  proper  degree  of  acmracy;  be- 
cause, as  thf  «■xpcriment  reqiiirt'.'t  the  employment  of  a  red 
beat,  it  is  npcc.s.<tary  to  envclopi;  the  ttibü  in  tin  plate  to 
prevent  its  i-xpaiution.  If,  with  a  view  to  aroiij  the  use  nf 
the  mclnMic  envelnpr,  a  frchirr  heat  were  applied,  the 
coinbtistiiHi,  in  u  gn-iHt  miinlH-r  of  cases,  wouhl  lie  cftvclrd 
but  i  tu  perfectly. 

AltemplH  have  been  nmdu  to  boat  the  ^U))»  liilte  by  thn 
flame  itf  a  spirit  lamp.  It  iit  then  much  eiuiier  to  nei|;h 
the  tube  alter  the  experiment.  But  us  it  is  absotutidy  ('.«.ten- 
tin  I,  when  the  opiTiitiun  is  nearly  at  »n  end.  lo  ifuite  ihe 
whole  of  the  slAäs  tube  »I  once;  uud  as  ihc  aiana^ement 
«I  H  Kpirit  lump  with  a  wiek  as  lon}^  us  the  |;Ia88  tube,  is 
nrrompaniod  by  diffieulticfi,  it  in  itctter  to  prefer  the  UDifonn 
heat  ;iff(irdi'd  hy  a  charrtial  lire. 

The  d4-at«\idc  of  cop|M-rrDi)d(>)ed  in  tlie.se  e\prrinient8 
can  be  beat  prepared  as  Tollows:  Cop]ier  in  diiwolvitl  in 
pure  nitrir  acid,  the  solution  is  e\-aporatcd  to  dryne»«,  and 
the  salt  is  slron(!)y  icnited  in  a  platinum  enicible.  The 
resulting  deutuxtdo  nt'  rop]K>r  crontaiuH  n«  tniCPit  of  nitric- 
arid,  if  the  heat  hiw  t>ern  »iifHetently  powerful.  It  is  much 
moiv  difficult  to  pn-pare  deiitoxide  of  copper  of  cquul 
parity  hy  any  other  pnices.^. 

A  verv  dixagreeable  eirouuistancc  tittendin;;  the  employ- 
inrat  of  ilie  dt'uto\ide  of  cop|H'r  is,  liiiit  it  liux  the  pruiwrty 
ofnliscirbing  by)!ninietric  moisture  with  j^reater  readineNx 
than  moKt  other  pulvrralent  substanees.  It  i».  roDitc- 
qufiiily,  neressaI^•  to  iimitr  tht  deutoxirkof  copiw-rinime- 
ilititely  Iteforc  the  ex|>i'rimen(,to  woiRh  it  while  hot,  and  to 
mix  it  aK  rapidly  as  possible,  and  in  a  hot  mortar,  nitb  the 
Kiibslaiu-e  which  is  to  !>r  analy.'icd.  By  pn>crrdinc  thit». 
Ihe  absorpliim  of  moixlurr  can  Ite  alinont  entirety  ainidcd. 
BKR7,Ri.iUf4  has  succee<)ed  in  anatysin«:  .qabstance^  wbirb 
were  free  fmm  hydmiren,  and  in  enperimetils  uhirti  required 
from  WO  to  tiOO  -.^riiius  of  deuto\ide  uf  copper,  wiihuui  ub- 
tainiuE;  more  than  the  sixtieth  part  of  a  tonin  of  water. 

Gav-IiI'smai;  ami  IjIKHk;  (Annalmdf^  Chimw  et  de  PAtf- 
tkpif,  T.   XXV.  p.  SOU)  recommend  thi^  folloninjr  method 
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of  rxpeilin>;  hy«:n>mftric  moisture  from  the  tnixtnre 
substaacc  for  analvsis  with  the  deutoxide  of  copper:  IW 
plu^s  lube  ill  ulik'li  tlio  niixturt-  hiiM  boen  placed,  U  i-ut- 
ncctod  u'iili  a  tube  tilled  with  chloride  of  calettim.  TW 
latter  is  ronucirtcd  by  n  flirxiblr  IiiIh*  of  lead,  with  a  ;b» 
nxTivt-r  xliuidiii?  on  Ibv  tablr  of  ini  .itr-iiunip.  Whra  Ik 
upparutus  is  cxiiaustcd  of  uir  b^  the  puuip^  tbu  juoi^tiui 
P»ssP3  out  of  tbi:  tul>e  with  thu  air.  Wbcn  air  is  all»« 
to  viit(>r  tlie  ap|>aratii.s,  iL  muüit  paiüs  nL-c4\>iKarily  tbnii 
Üie  tube  ctiiiluiiiiiifr  the  chloride  of  calcium,  and  Ucunc 
pcrlci'tly  dry  Itvfure  it  cnten?  iho  tube  coiilniaiog  die  mx- 
turo.  Utit,  in  order  still  more  elTertiiulIy  lu  drive  ü» 
hy^rometric  wutcr  from  (lie  iniMure,  it  is  i^ood  to  UKunnft- 
the  glass  lulie  nhieh  coiiUiiuü  the  mixture  i»  anutbernk 
of  very  hii^e  dinuieler  aiid  lull  of  uaier  kept  boilio;  b<t 
'I'hv  lai^  fflass  tube  must  lie  closed  by  »  ivrk  hating  tia 
hole-s  bored  through  it;  the  glass  tube  uiLti  tht-  uiiMurrü 
put  tlirough  oue  of  these  boles,  and  n  t>ent  tul>c  to  cam  <i 
the  steam  thruii)i;h  the  other.  If,  now,  llju  «iperutnr  iltn- 
■lately  exhtiusts  tlu:  appiLnitu<i  of  uir,  nnd  aJloivK  fmtb  u 
to  niter  tlic  lube  throu{;b  tlie  ehluridc  of  calcium,  tiic  mU- 
ture  is  oatnrolly  deprived  of  its  hyisTomcCric  water. 

>Vlien  the  conilaiHlion  of  the  icubstnncc  is  coinplaini, 
then-  aluays  remains  a  tiiiiall  (juiuiiil)  of'tbc  fniseoua^ 
duet,  both  in  the  tube  and  tlie  receiver.  That  this 
Irad  to  the  smulli-stpctKNibIc emir,  these  piirtsofthea 
ratus  are  made  extremely  »mull:  tin-  ttllM^  Mhirh 
f'roi»  the  apparatus  to  the  raercurüU  iroui(h  uiuMt  onlybe 
large  thcrmomeler  lulie.  Vet,  lhi.H  loss  cua,  acconUnf 
Ber3CE1.ii  a,  be  altogether  avoided,  by  proceediiur  Sd  fef- 
lows:  The  operator  mixes  a  few  i^raius  of  fuKcd  rlikffiM 
ut  potuüh  uilh  three  or  four  times  as  much  deiiitividr 
(x>pj>er.  Uc  places  this  mixture  at  the  bultuni  of  the  ti^ 
piitK  alxive  it  as  much  pure  dcatoxidc  of  copper  a«  vcn- 
pies  Hii  iueli  of  tlie  length  of  lite  tube,  and  then  inUmli 
the  mixture  uhich  is  to  be  iiualyseil.  ^^'bcn  the  iipiM 
of  the  suljsiaiiee  is  liiiishcd,  and  tlie  UiKcngagemeul  uf  n^i 
ceases,  then  heat  is  applied  to  the  extreme  end  of  the  toK 
to  cause  the  decomposition  of  ibe  chlorate  of  |Mitu.<ilL 
oxygen  );as  which  ihea  eseaiies,  drives  all  the  olfcel 
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nai  of  the  appar»tu.s,  and  carries  it  into  the  bell-glass  nf 
thf  mercurial  trou^. 

This  iDethod  can  be  cxtKtnely  htII  employed  in  the 
analysis  oflho  substanrrs  uhich  conlain  no  nitrogen,  »nil 
in  utiu'li  i:asc  all  ttn-  giis  van  Im'  «oIIwimI  iu  oiii!  rercivpr. 
But.  in  ihr  analysis  of  the  snhglances  wbirh  rontniii  nitnv 
KTii,  it  is  nrr(>s.<jirj-  to  eiilWt  Uie  iliswnciiKifl  tt»»  in  at  least 
Uiret-  ilini-n-iit  glasa  ttibe».  The  ^as  iu  the  lint  tabe  then 
contains  the  small  quantity  of  atmoäpherie  air  whieb 
remiiine^l  in  the  apparatus  at  the  eonimeneemrnt  «f  llie 
ojM'raliiin ;  t/uif  in  the  second  tube  is  entirt-ly  Irre  innii 
impurities;  that  in  the  thini  tnU'  cüQtaiiw  the  oxygru  cas 
expclliTd  from  thr  rhliiratc  nf  |M>taiih.  The  volume  ol'  the 
rarl>onic  acid  ku.'i  eonlainnl  in  tl>e  three  ahia»  tubcK  must 
Ih'  uii'iirately  dt-tiTiuim-il  in  the  uüital  manui>r,  by  canütie 
polaüb.  'V\iv  operator  mtiKldeiemaine  with  ^at  arcnrary 
the  relation  in  volume  uf  the  carbonic  r.<.'iil  to  the  nitn>t;rn 
giks  in  the  Hecnod  tube.  Arronlinsr  to  the  relation  so 
determined,  the  quiaitity  of  nitrofren  paj  contained  in  the 
other  tiilies,  can  l>e  cnleulatetl  from  tlw  ()uiiiiliiy  of  ear> 
bonie  acid  pi»  found  there ;  Ibr.  the  rptative  projMtrtioii«  of 
llw  two  ini-vs  are  in  all  cum'ji  ttie  Humc. 

pRLLRTieft  et  Dumas  ( AanaL-g  de  CMmie  et  de  Pky- 
git/nr,  T.  XXIV.  p.  Ilia)  employed  two  etjual  iwrtions  of  iho 
(tubstance  for  analysis;  each  portion  vvts  mixed  wiili  \\w 
proper  quantity  of  deutoxid«  of  copper,  and  both  portion!« 
were  pitierd  in  oni;  tnlic,  but  sr|mnitrd  ironi  one  unoiht-r  by 
such  it  ipiiintily  of  ]Mmdi-n-<l  ^liiss,  that  while  tbe  i^itiiion 
of  one  portion  took  plarc,  the  other  portion  rrmnined 
uoiiflorled.  Dunn?  tlie  ifmitiuii  of  the  Itrst  portion,  they 
e-ollwied  iiolhiniT  but  th<>  water,  and  allowed  ihu  traces  tu 
escape.  This  hiiil  the  v^wi  of  completely  carrying  llio 
atmospheric  air  mit  uf  Ihi^  apparatus.  Then  the  liecutid 
portion  wa*  deeompiwcd,  and  both  (he  water  and  the  gnM-ti 
veru  collected-  Tlu^y  ihu»  obtained  tlie  fiaties  free  from 
inipiirities  ;  but  llicy  uhtatner).  at  the  Käme  time,  tu  ice  an 
much  VI  atrr  an  bi-htn^ed  to  the  quantity  of  s;us  obtainetl. 

Gav-LL'ssac  and  LlBBI«  ( ÄRruiin  iff  i.'/iimie  rtde  Fbj/- 
$tqifr,T.  XXV.  p.  901)  Itavc  employed  another  method  in 
the  analyitis  of  substantrcs  which  contain  nitrf>g<}«.    The 
L  K  k2 
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object  of  this  method  was  to  collect  the  disenpaeed  ca 
frco  from  the  least  mixiiirc  of  alinüspherir  air,  and 
eWeci  the  deteniiiniLtidii  of  the  relative  proportioiisof  i 
bonic  acid  ^ns  and  nitrogen  gas  with  the  {L^roateüit  jw^b 
act'uracy.    To  tlie  filuss  tiitie  which  runtained  tbt>  uuaiui 
üf  the  substance  fur  aualysis  with  <)i:uto\i(Je  of  coppn;1 
they  joiued  a  «»pper  tube,  and  lo  the  Iatt<T  ;i  glass  talic ' 
receive  thu  gtmen  resulting  from  the  decomposition.    Thfi 
gloäü  tube  -was  bent  at  a  rifrht  nnifle,  and  theperpendirnii 
deseeodiug  branch,  which  «as  39  inches  luntic,  clipped  iulo' 
u  rcssel  of  mrrcury.     With  the;  c<»piM*r  tube,   tiiere  «li 
another  connected  at  a  rijcht  au^Je.     Thi»  -was  )iro^idi4H 
u-iih  a  .sto|)-cock,  and  placed  in  connection  uith  an  mr-B 
)Kim|)  hy  raeunR  of  a  Ilexil)le  tulie  of  lead.    Upon  exbaunl- 
infr  the  aiiparatus  of  air,  thf  rnen'ury  msi*  in  tbe  loni;  eln^ 
tube  to  tlie  heifrht  ofalMUl  9ü  inches.     When  the  luen^nn: 
had  risen  as  bi^b  as  it  could  rise,  the  stO|>-ro<-k  was  sh 
and  the  connection  with  theair-pumpentin^ty  i-iit  off. 
mixlare  being  then  i^'niled,  the  dlMvugaged    giu»-^  n 
obtained  quite  free  from  atni4>spheric  air.     The  relali 
proprirlinns  of  ilip  dilT'erent  ^asvA  in  (he  ß^iktieous  mixtiii 
could  Ilu-ii  be  delcrmined  «ilh  ffi'e«!  arcuraey. — li  i» 
particular  importance,  in  llie  analysis  of  compounds  mo- 
taining  cynnogen,  to  determine  the  relative  pmporlioiifol' 
the  gases  produced.     The  gaseous  mixture  produtiNl  b) 
the  ignition  of  the  eynnurets  with  deuioxide  of  roppir, 
must  contain  prcrtKely  two  volumes  of  ctirlniuic  acid  lo 
one  vohimi-  of  riilrot;«n. 

The  apparatus  employed  by  GAY-LvsitAc  aiid  LiKiic 
in  the  analysiH  uf  subHtanees  by  means  of  druloxide  »f 
copper,  is  some\(hat  diflereut  from  tliat  i.-mployed  by  Bks- 
zBLius.     It  is  represcnte*l  beloM-.     The  graduaied  gla» 
tube  (1,  which  is  iiitemlcil  to  rectivo  thi;  giLsos,  is  placed  in 
a  glosK  vessel,    'Ilie  tube  b  which  is  tn  condurl  the  itu 
into  the  ^niiluated  lube  has  two  panillcl   perpeiidicnlif 
umis,  of  which  the  one  which  rises  is  sufficiently  ton*  iieAitr 
to  loncb  the  top  of  the  graduated  tube,  when  the  lattcf  h 
forced  do»  n  as  far  us  it  can  iro ;  the  other  nmi  of  tbr  a»- 
ducting  tube  rises  up  on  the  other  side  of  the  cnidaal«! 
tube.     When  the  large  glass  vessel  has  been  tilled  nith 
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mercury,  and  the  omi  of  the  conducting  tube  Iiwti  been 
placed  within  the  grnduiited  tvUv,  ilic  liiltcr  is  pressed 
down  inin  die  »itTCury ;  ill«  atmoKphvric  air  in  Üius  dhrea 
out  timtußfa  the  cmiductinK  lube.     The  gradualcd  lube  is 


fastened  in  its  new  sitaaljon  by  bein^  pretiKcd  hclwe«n  the 
clieeks  of  a  faoldfaät  which  con  be  raised  oa  a  staff  to  xiiy 
givrn  liritiht,  ami  then  lie  srcirn-d  by  a  screw;  nr  it  i« 
üecnrcd  in  the  manner  represented  ia  Ibc  above  ticure, 
namely,  by  the  corii  <i,  which  is  fastened  in  the  holdl'iutt. 
AVbt'ii  the  apparatus  Ix  ihuK  prepan>d,  tlii>  (ube  n  nliicli 
L-oiilaiiiH  llif  iiii\1ure  of  the  sub-staii»;  tor  examiiiatiuu 
with  deutoxide  of  copper,  ia  connected  with  the  con- 
ilurlini:  liibr  h,  nnd  tlic  latter  is  srctiml  in  lis  pinr-c  by 
being  pressed  between  the  cheeks  of  the  holdfast  /.  The 
tnen-ur)'  in  tlie  f^niduatfnl  tube  a,  in  now  hroughl  1o  the 
same  level  with  the  mercury  in  the  large  glüSA,  and  the 
volume  of  the  atniospheric  air  which  remains  in  the  gm- 
duatcd  tube  is  accurately  measured.  As  »oon  ua  the 
substance  begins  to  be  dccontposcd  by  the  heat,  the  di^oo- 
gft|p>d  (.Tifi  presses  down  the  mercury  in  the  gradimied 
tul>e.  fl  in,  therefore,  necessary  to  raise  the  gr.idun1ed 
tube  out  of  the  g'las.s  vcsm'I,  by  screwing  the  arm  of  the 
holdfast  higher  and  hij^farr,  as  (nsi  as  the  gus  comes  over. 
AVhcn  the  decompOHJIion  is  at  an  end,  the  fire  in  n'litoved, 
and  the  whole  is  allowed  to  cool.    The  mercury  within  the 
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gniclualed  tutie  is  then  bruu^it  ou  a  level  with  that  un  tbr 
outoidc.  It  is  oTitlrDt,  thtit  the  volume  of  gatf  vrbidi  b» 
passed  into  the  ({mdaated  tube  duhus:  the  opcntton,  ■— 
precifiely  equal  to  the  whole  quantity  of  ga«  prodnc«!  \ifM 
the  derom)>u)sition.  Ttipeslirouliitn  iil'the  water  ueflecti^ 
by  Gav-Llssao  and  Likbiu  h.s  followt«:  Tlicy  |ilu-rik 
tube  o,  «:»ntuinii)t:  tlir  cbliiride  of  calcium  which  is  tu  alftvii 
the  water,  within  tlit;  tube  contatnint^  ifat;  niixtim-.  TV 
tube  coataiüiiir;  Ifai-  chloridu  ül*  calcium  tits  the  large  tvix 
exactly,  and  is  drawn  out  to  a  point  at  the  eod  «hitli  a 
tiimrd  low»rds  the  mixture  to  be  decomposed.  It  » 
wcigltrd  liclbn;  it  is  put  in  its  plutx.  The  tube  cüoiaiim; 
the  mixture  is  then  cluacd  by  a  ootit,  through  whirl  ik 
conducting  tiiltc  pa»isc».  Th*  junrttiie  must  be  air-li^ 
The  tube,  niihout  heini;  previously  envelopcO,  in  thesM 
ou  a  grate  ol'  iron  «ire  supported  by  a  furnace,  the  (kmrtad 
nxh-bnic  (if  which  are  (-IimtiI.  It  is  ihrn  brought  to  ii^itin 
by  Uie  (iiiplii  iitiun  uf  fL-d-hot  irharcoul. 

Til.  VON  SAtirnsi'RH,  in  analysing  suhntancrs  whidi 
were  free  from  nitrogen,  employed  oxyi^tm  f^o«,  instctdif 
chlorate  of  putash  or  deutovide  of  cupper.  8inee  oxifa 
pas  does  not  change  its  volume  when  converted  iatucv- 
honic  acid  s»s,  it  Im  |)oüiuMi-,  fnuu  the  diminutiou  of  lolni» 
uccasioued  by  the  conibustiou,  to  estimaic  liio  quaulih  ol 
hydroKen  contHiued  in  the  .sul>stuTioe  analysed.— Pitotn 
(Philosophical  TransHetions,  IH27,  Pari  ii.  p.  36&}  M* 
ployed  an  itpparatux  of  ii  differenl  description  in  ilits  Ui' 
of  annlysi«.  He  i^ted  ibc  sulutances  Ibr  rxBwiiwlin 
with  deuloxide  of  copper,  iu  an  inj^tninient  wbirfa  rM- 
tallied  a  deienninnte  quantity  uf  oxygen  gas.  jiller  lb 
comliustinn  whk  endi'd,  he  led  the  oxygen  f^us  bacWmnb 
and  I'orwiirdN  ovt-r  the  deutuxidu  of  copper,  uith  a  vie«  » 
reconvert  all  the  reduced  copper  into  dcutuxide  uf  roppcr- 
If  the  oiiksiance  submitted  lo  Hnaly.sis  ac<Tf>nlin*;  lo  tta> 
method,  eoiituin  oxy-jen  «nd  hydrogen  in  Ihr  proportiuw 
necessary  to  constitute  water,  Uien  the  volume  of  tk 
oxygen  s»n  eniploye«!  rvmainN  unchanged.  If  it  oomw 
oxyK^n  ill  excess,  the  voliiuie  of  the  oxygen  gas  is  Ifr 
creased.     If  it  eoutajn  hydrogen  in  excess,  the  TnluMeaT 
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the  nxvfien  gu«  U  dtuihilKlmi).  Tlie  apparaliis  ttpprars, 
liuwevcr,  to  be  loo  roin[tlicate<l  lo  jjive  »ucli  acciirale 
rcütiltx  as  IhRuppHrattis  of  nKRZKi.tt'8.  Tbc  cLrcanistan- 
tJal  description  of  il  may,  llicrcforr.  Iw  omittnl. 

Method  of  Operating  with  Liquida. — WliCn  the  8ul).st«n<'C 
wliirh  is  lo  be  dvcotnpiwii'il  by  üeutovidu  ot'  copper,  riui  Iw 
obtained  only  in  the  liquid  stnie.  it  is  best  to  proceed  as 
fullows:  A  Tcry  small  dblonir  ^liiss  bulb  with  n  vcr>  fine 
point  is  prepared.  Thi.s  i»  trrichc«),  and  tlirn  lille<1  nith 
the  li(]uid  Tur  examination.  The  way  lo  introduce  tiio 
liquid  itc,  to  warm  tlic  glas»  bulb,  »nd  to  pltni}^  the  point 
into  the  liquid;  tlieii.  as  tbi*  bulb  becomes  cool,  the  liqnid 
rises  into  it,  in  cotLscijuence  of  tiic  prejuurc  ul'  Ibe  atnm- 
spbcre.  The  balb  to  tlion  weighed  with  the  liquid.  The 
0|Krator  place«  the  bulb  at  the  bottom  ofa  long  gtns.'i  tube, 
and  (ills  llie  latter  eiimplelely  with  deulo\ide  of  ciop|i«r. 
He  the»  coiuiect»  the  tube  with  nn  api>antlUH  proper  to 
collect  (hi!  waler  and  ease»  wbicb  luay  be  prfwlueed.  Heat 
is  first  applied  lo  (iiat  portion  of  the  deuto\idr  ol" copper 
which  is  farthest  from  the  substance  fur  exauiioaiiun. 
When  the  deuloxide  of  copper  is  red-hot  at  that  end,  the 
other  part  \»  wanned  extremely  teebly.  A  very  small 
(piHUlity  of  the  xultstoncc  escapes  from  the  point  of  lli« 
glos«  bnlb,  and  tmversca  the  red-hot  deiitoxide  of  copper. 
It  18,  of  course,  immediately  docompoäcd.  Alitor  some 
lime,  the  heal  is  renderefl  so  powerful  as  to  tjniile  the 
whole  »ulie. — It  will  be  readily  onderstoml,  ihat  if  the 
vaporised  sub^lanee  paiRM'^i  too  quickly  throuiib  tbe  red- 
bot deuloxide  uf  copper,  a  considerable  quantity  of  il  can 
eticapc  decomposition. 

DeeompoeitioH  of  Oat^  by  Devtojitlt  of  Copprr. — ^The 
deuloxide  of  copper  can  also  be  employed  in  tbe  qn-.iitit«- 
tivcexuminalionofseveralgasooii.s  Compound«  of  hydrogen. 
Tbe  itifTercnt  EaKemi»  compound»  of  hydrogen  and  rarhoa. 
for  example,  con  be  tbu^  analysed.  A  coiisidemblc  excess 
of  deuloxide  of  coppe.r  is  plaeeil  in  a  porcelain  tube,  and 
heatod  lo  redness.  An  indefinite  qnantily  of  the  cax  in  be 
analysed  is  then  passed  very  slowly  over  the  iaoilrd  drui- 
oxidc  of  copper.  It  is  nnnecrs.sary  lo  collect  ihe  water 
aud  carlK)uic  acid  jpi^  wbicb  arc  prt>duccd  at  first ;  it  \a 
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til)  all  the  atmospberic 


belter,  on  the  contrary,  to  i 
has  Iktcii  e\[ii!llt-il  fniiu  the  apimratus.  Tbv  opeialor 
tbcu  collects,  and  tletrnuioeä  Uie  rvlntlvo  «juauiitic^U  Ik 
%%'ater  and  (.'iis^ous  carbonic  acid  prodnccd. 

J'rtrcautiHHa  to  f>e  taken  tn  eiuurf  Accttrtiry  in  Ot^mmu 
Analyses. — Tlie  iinalysis  of  what  are  cotniuouly  irnnni 
ur)canic  subManccs,  »hich  arc  <:om|ioniirls  thai  i-iniMKt  «' 
bydntgcii,  rarlMtn,  oxygi'i),  with  Hoinrtimrs  u  purtiua  vi 
nitropcD,  it'  executed  in  the  manner  which  ha«  been  it- 
»crilied  aliiiTe,  ut  still  nf  no  value,  unless  the  iiubataMv 
siibniitlcil  to  p\ainination  is,  in  every  case,  pt-rtefily  pui*. 
and  I'nr  trnm  all  extranc>ous  matters.  These  are  conditi«». 
huwrvcr,  which  it  is  wry  dilHinilt  to  fuliit,  itspcciuU^  «ba 
thi-  f«ub.slHurt-  to  lie  uoalyseil  is  one  thnt  ciiiinol  hr  nblainnl 
in  th*?  state  ui'  crysttüä.  If  thv  substance  be  capaL>lf  H 
linMluciuK  saline  conijiuumbi  bv  combiiiiug  with  basM,!!  i» 
proper  to  deierinine  with  acruracy  the  i^aturatjne  capacin 
of  Iht'  .substance.  The  saturating  rapacity  ul'u  HuhMaar? 
is  a»rcrtained,  acconUng  tu  Derkklius.  in  Ihr  easiest 
und  most  cci-tain  utannor,  by  combining  the  substance  iiiA 
protoxide  of  load  and  determining  tJie  coinp^tsitioa  vf  ttt 
resiiltmg  compound.  It  is  hereby  particularly  nect^sarrt» 
take  care  not  to  employ  luiMures  of  difTen'Ul  coiopouDdiL 
or  ilid'erently  tialiiralc4l  compounds.  The  cotnponwt  a 
dried  with  all  poiidiblc  accuracy.  It  is  then  laid  on  a  stuU 
thin  ea[isiile  of  ^lass,  which  is  linsl  weighed  atone  and 
afain  ivilh  tht?  sulistanro  n|xin  il.  The  capsule  ü  tlii« 
heatud  over  a  spirit  lamp  till  the  mass  take«  Uro  a(  tlr 
cd'ges;  in  most  cases,  tin;  lump  may  llien  be  rrnnived. 
because  the  combustioD  spreads  to  uJl  partü  of  the  mosi. 
When  the  combustion  ceases,  tlie  ciipsule  is  auaiu  heawd 
by  tlic  spirit  lamp,  bat  it  is  proper  to  avuiil  too  simoj;  • 
heat.  \Vhen  the  cup.sulf  \s  cold,  it  is  weighed  with  its 
contents.  The  n'stdue  is  a  niixtiirt-  of  protuxidc  of  Irail 
with  metallic  lead.  The  weighed  mass  ih  treated  nith 
acetic  acid,  nhich  dissolves  the  protoxide  vi'  lead,  bal  is 
without  actio«  on  the  melidlic  lead.  Tlio  luiter  ii»  thm 
wiished  with  naler.  The  cdulcoration  can  Inr  wni  ndl, 
efiV^cled  without  oc^^asionine  any  loss  of  lead.  The  lead  i 
then  dried  and  wcig;licd  on  ttic  capsule.  .By  (his  metbodi 
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pmccrdintr  thr  niicrator  Icfini!«  bow  imirh  (tmt<>^i<l<*^lf  lend 
ba»  Li'cri  dis-^lvt-U  by  (lie  uL-rlir  ucid.  Ilfi  tliini  ciilculatva 
bow  much  protoxide  of  lead  could  Iw  produced  by  the  com- 
binntioii  with  oxygen  of  the  metallic  lend  afl'nnled  hv  tb« 
cxprrinieni-  IK'  tbu.s  IcaniK  the  ueight  of  the  whole  «tuun- 
Uty  of  protoxide  of  lead  rnmbinrd  with  tfac  orfninir  siib- 
alanct-  üulimilled  to  {nve-tlit;iition.  'fltr  Haturatiiii;  nipucily 
of  the  substaree  tau  then  bo  easily  calculated.  This 
experiment,  which  requires,  however,  to  be  »evcnil  times 
repealled,  affordt:,  with  proper  eare,  a  roiieli  more  aeeurnte 
n-^siilt  than  can  be  obtained  by  attrniptitifr  'o  determine  the 
pnipiH-tion  of  pmtuxide  ofloiid  contained  in  tlic  compound 
by  any  otlier  process. 

Suppoitc.  no\T,  that  a  wciRiied  quantity  uf  such  on 
organic  substance  ba^t  been  decomposed  by  mcanjiofdeut- 
oxide  of  coppifr,  and  thai  the  rfspeciive  pmiMiriinus  of 
hydn)«Tn  and  carbon  have  Ih^cu  experimentally  ii»cer- 
laincd,  and  the  quantity  of  the  o\yiren  baa  l>ren  calrnlated 
fr«)m  the  loss.  Tbc  substance  may  bo  analysed  alone,  but 
it  is  iiK  good  or  belter  tu  analyse  a  roin[Ktuud  of  the  sub- 
stance uith  a  base,  sorb  »s  proto\ide  of  lend,  but  not 
wilh  an  alcali  or  alculiiic  earth,  .since  the  Intlrr  retain  car- 
bonic  acid.  In  making  a  calculation  of  tbe  rrsuit.H,  the 
u|ifratiiruiu.st  lirst  examine  nhetber  tbe  ijuantity  nfoxy^fen 
afforded  by  tbe  aimlyntiti  is  a  multiple,  by  a  whole  number, 
of  the  .Haturutin^  capacity  of  the  subtitaneu  detemilued  by 
the  previous  experiment ;  (he  quantity  of  the  oxyseri  must, 
at  any  rate,  deviate  in  a  very  inconsidenibic  degree  from 
a  loulliple  of  the  number  which  exprcmiea  the  üaid  sntu- 
ratinp  eopaciiy.  l-'or,  as  in  the  case  of  the  salts  formed  by 
the  inorganic  acids  with  ba.se«,  tlu*  oxygen  ol'  the  lomier 
must  be  a  multiple  by  a  whole  nuntlicr  of  tbe  oxygen  of 
the  latter,  so  ma.st  tlii.s  lie  also  the  case  with  llw  coni- 
pound.s  »r  or<;anic  substances  with  bu^cs.  Ml>eu,  there- 
fore, this  relation  between  the  oxygen  end  the  saturating 
capacity  of  the  compound  is  not  found  lo  exi.si,  iho 
iul'erenee  (o  Ih>  draun  is,  either  that  (he  analysis  is  incor- 
rect, or  tliat  the  sultstance  .sabniitttHl  to  nnulvNi.'i  wa.s  not 
Ü1  a  «(ate  of  purity. — Tbe  iiutulier  of  atoms  of  hydrojreti, 
Ckrtton,  and  oxygen  contained  tu  the  substance  siibmittod 
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to  cxamiaation  cun  aovt  be  ciujly  rrckuncd.  If  it  tie4M 
poecd  that  llie  substance  contaios  exactJy  so  many  wmJ 
limni  tiw  iiiimhor  of  atoms  of  oxy^o  than  are  coatahwrf 
in  ihc  base  with  ubicb  it  form;!«  a  neutral  tompotuid, u 
the  number  expressing  the  quaQtity  uf  oxyeen  in  tbe  snk- 
stance  is  in'i-'atCT  than  that  expressing  the  quantity  (d 
oxy^n  in  the  IwNe,  ibrri  it  is  oa-sy  to  nseertnin  tbo  nan- 
ber  of  llie  atniii.s  of  bydrt^en,  eurbon,  and  nitn^en,  if  llie 
Iiilter  be  H  constituent  of  tbe  sulisiance. 

It  is  inucb  more  diffieull  to  judi^e  of  tbe  accuracy  of  surii 
an  analysis,  when  tbe  or^nic  siibstance  which  bas  bci:« 
decomposed  is  one  wbjcb  fonns  no  saline  compounrlü  «iih 
bases.  In  cases  of  this  deseriptioti,  the  operator  mast  be 
satisfied  with  examiniii{;  nht^tber  tbr  rrlativ(>  proportioa« 
uf  th«  const itUKitts,  as  made  known  by  thi:  ajiiUysis,  ut 
equiralent  to  numbers  expressing  wbole  atoms  of  caibM. 
hydro^t-n,  oxyt^eu,  and  niirogca.  TbiK  enm>sposd«iinr, 
however,  can  vei^' easily  take  place  with  very  slight  dcria- 
lioQS  from  the  proper  proportions,  nheii  the  substaucr 
rxpcrimrnlrd  n|»on  is  coniposi'ti  of  u  great  uumber  of 
alums  of  (be  four  clomimlary  btidies,  und  yet  the  ana- 
lysis affunling  these  corresponding  uuii]t>erä  may  be  qnitc 
false. 
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Aluminum.  l>et«ction  or  Alumln*  in  Mmpl«  sftluWc  fOM- 
pounds,  t.  8 — ID  siraple  inootuble  compounds.  Id — in  cumplKX 
soluble  compounds,  iO—in  complex  insolubl«  rainpoaads,  3<{. 
— B4>luiTinur  of  Alominn  tott'krdR  rra^nts,  74. 

QiiaiititaÜT«  «raümuinn  of  Alumiim.  li.  M. — Si-paration  of 
AliiDiiu;ii  from  Ma^csi«,  31 — from  Linw,  3A  «id  3fi — from 
Strunlian.  33 — frum  Hurytcs,  3<J — from  ihe  -Ucalies,  Sft^froio 
Uluciua.  37 — from  Vliha,  39 — from  the  andv»  nrCeriara,  40 — 
ftom  Zin-oni«,  tl — tram  protoxide  nf  Mungnncw,  4R~f>om 
peroxide  of  Iron,  tiO — from  oxide  of  /.inc.  «0 — from  oxMe  of 
Cobalt,  89 — fiviu  oxJde  of  Nkkcl,  96 — from  oxidr  of  Cadmium, 
97 — from  protoxide  of  l.««d,  100 — Crom  oxidtf  of  Bismuth,  lOO 
— from  the  oxidi»  of  Uranium.  lOH — from  deutoxide  of  Copper. 
1 13— from  oxide  of  Silver,  11« — from  jteroxtdeof  Mcri-»ry.  123 
^fmro  llie  osidcs  of  Tin,  164 — from  tlic  oxides  of  Atiliniony, 
ISO — fromCbromic  acid  and  the  oxide  of  Chromium,  193 — from 
AiMdiouH  *ei<l  nnd  AncHnic  Aeid,  203  and  9CU — from  oxide  of 
TellurtntD,  212 — from  Seleniuu»  acid,  21ft— from  .SfletLJc  iu:td. 
217— from  Sulphuric  acid,  S'ly— from  Phwphoric  wkl,  Ä56 — 
from  Silicic  acid,  273,  2i«,  2.S7. 


ANTTTHONV.  The  quantitative  estimation  of  Antimony  in  Its 
compounds  »effected,  in  niiiny  cai*«,  like  that  of  the  prtilotcide 
of  Antimony. — Sep«roiion  of  Anrimony  from  Xiekd,  ii.  IBI, 
|)<(_fniin  Cobalt,  Irtl.  iKi— tr.iniZtne,  181— fnim  Iron,  iPl — 
from  MtmsuiKM,  löl — (Vom  Mercury.  IHl — from  fiiNer,  181, 
183,  IHS— from  Copper.  It«!,  183— from  Bttinulh.  18l--from 
Lead,  IHI.  183— from  Cadmium,  181— froni  Hold,  ItCi— from 
Platinum.  IK)— from  Tin,  IW— from  Arsenic.  207— from  Tel- 
lurium, 211— from  Srleuium.  222— Iruoi  Sulphur,  228,  £16,  230, 
S4l— from  Chlorine,  349, 3^4. 
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Quaniiiatire  eMinuiion  of  oxide  ol  Bfaannih.  u.  lOQr-Sqia. 
ration  of  oxide  of  Bismutfi  from  pwloxid«  of  Ijtmd,  KM— fm 
oxide  of  \ickH,  105 — rromoxidvorCadmiutn,  ItWi — fimn nolr 
of  Culiiilt,  1(W— from  oxide  of  Zinc,  105 — Irwo  |ier«ixideof  Ina. 
106 — from  proloxidf  of  Man(r»iiflBe,  10Ö — from  iKe  Bmtiim,  VÜ 
from  the  AlcalieH,  lOA — fmm  the  Oxiden  of  nranlam.  107>^nn 
dculoxid«ofCopp«r,  113 — from  oxide  of  Si]v«rr,  1 16— frM«ii«. 
oxidn  of  Memiry,  l3S>~-fp<ni  llie  oxide»  of  Tin.  IA4 — fom 
TiUmic  acid,  IfK) — froiu  if«-  nxiilp«  of  Antimony.  Itil— (roo 
Chronic  neid  and  the  oxide  of  Chrnminm,  IWl — from  Anankot 
acid  and  An«nic'acid.203 — fmm  uxidvuf  Tellurium.  al3—fpn 
Scl«niou8  wriii.  217 — from  Sulphuric  atid,  343 — from  Pto* 
pliuric  ni'id,  2.51  und  23.1- fraiD  Carbonic  acid,  321— 6tidi 
\ilri<.'  at-id,  372. 
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BORON.    Separation  of  Boron  from  Fluorine,  li.  335. 

Detection  of  Boracic  arid  in  sunplc  soluble compounda,!  I'. 
in  ^implw  inttdliiiile  (-un)|iouii(lit,  18— in  romjilev  wili^e  «■»■ 
pound«,  31 — iu  i-<>iiipli'x  lii'inliilili  iiiiii]iiiiiiiilii.  ri')  IMmhiii 
of  lloroctc  acid  tou-nrds  n-affentK,  176. 

Quanlilaiivr  «wlininiion  of  Borack  acid,  tl.  33äL — SepaiaDDO 
of  Hora<:K-  actd  from  toritiuA metallic  oxides,  329 — Trom  Baiym. 
3S9— from  Strontioii,  321» — from  LiuR-,  329 — from  protoxxleif 
Lead,  .12'.)— rroia  all  ul]»;r  Sxal  BaMS,  329— from  Silicic  anJ. 
33U. 
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IlKOMINt^.    Bcliaviour  of  muUjIic  Broinidce  toward»  tmipit, 
i.  I'.IS.— Quantitativ«  e«llinalit<n  of  Hromine  in  its  compoiiB'*. 
iL  3AÖ. — Separation   of  Droniint   from   Cliloriac^  MT^tpaa 
lodiue,  36S— from  Uydro;:^.  -107. 
Behaviour  of  Bromii.'  ncid  [owvds  reaf^ts,  |.  I8fi, 

CAOMll'iVl-  Till-  (|u.'iniitativ(-  vMimaiion  of  Cadmiun  to  A* 
ooni|)nuncls  is  tlio  »imt.-  ax  that  of  oxide  of  C«liniuin.~-SipaB> 
lion  of  Cadmium  from  Sulphur,  Ü.  233. 

Detection  of  oxide  of  Codniiiioi  In  «intpl«  «oluble  cORtfiooikb. 
i.  7 — in  ^mple  bmolable  compoundH,  I3^in  complex  wlablr 
coin  pound)),  93 — in  complex  iaoolublr  eomfx^uuds.  3&. — BiAa- 
viourof  oxide  of  Ca<lniiuni  towards  Tea(ri-iiu,  lo7. 

Quimtilnlive  estimalion  of  oxide  of  Cadmium,  ii,  97. — Sc 
lion  of  oxide  »r  Cadmium  frocn  oxide  of  Nickel,  <17 — (nxa  am\t 
of  Coball,97— from  oxideof  Zinc.97— from  peruxideof  If 
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— rioni  protoxide  nt  \\aaEJ>^vfv.  fl7— from  tlic  Enrtlis,  9T — from 
the  AlcftlicK,  It"— from  protoxiile  of  l*i>ii,  10^  (torn  oxkle  of 
Btunulh.  UM — fmai  tbe  oxides  of  Umnium.  IU7 — frum  Atai- 
oxide  of  Copper,  IM — from  oxide  of  Silver,  116 — from  peroxide 
»f  Mi-rcury,  13!) — froiD  (he  oxidea  of  Tin,  HU— from  Tiluiic- 
acid,  ITifl— from  ilic  oxideo  of  Anlin»ny.  131 — from  ('liromic 
nciil  aud  ihc  oxide  of  Chromium,  UM — from  An(rnioo4a£idMi<l 
Aremic  acid,  203 — frotn  oxide  of  Telluiiam,  313 — frnoi  Hflrai- 
OUD  a4.-id,  317 — fmin  S«]mic  acid.  211) — from  Sulphuric  add, 
343— from  Phosphoric  «fid,  331  and  SM— from  Cailxnic  acid, 
331. 

CA1£I17M.  Dtrlwtion  uf  Lim«  in  sinipU;  »üluMe  cumpoundi:, 
L,  ^— in  simple  insulalile  compound»,  15.  Ifl.  iiud  30— in  com- 
plex soluble  compounds,  39 — in  complex  insoluble oompoundti. 
36  .tad  41 — Ufthariour  of  Tjuw  lowaitla  KHgctits,  G6. 

Uuuntitutive  VKtimolioa  of  Limv,  ii.  16. — S«piuation  of  Iiinx- 
from  Simnlian,  18 — from  Uar^let,  19 — frum  tbe  Alcalies,  33— 
from  MaKni<»ia.  20 — from  Aluniion.  34— from  (ilunnn.  3^~ 
from  Vtlria,  a!)— from  itic  oxiil«  of  Cerium.  40 — from  /irconia, 
41 — from  protoxide  of  !tfimi;aiieK^,  4t< — from  peroxide  of  Iron, 
til— from  oxid«  of  Zinc,  HI  — from  oxide  of  Cobnlt,  St) — from 
oxidtfuf  Niekel,  96 — from  oxide  of  Cadmium,  !)7^fram  prot- 
oxide of  Lend,  10D — fmm  oxide  of  Bivmuth,  105 — fmm  the 
oxidcH  orCmnium,  108— fp)«)  deutoxide  of  Copper,  I  lO — from 
oxide  of  Silver.  I  Iti — from  peroxide  of  Mensiry,  12.1 — from  ihö 
oxides  of  l^n,  It^— from  lllanic  acid.  172 — from  tbe  mid««  of 
Antimony,  IW— from  Tnngoric  acifl,  168— from  Molylxlic  acid, 
190 — from  Chromic  acid  and  the  Oxide  of  rhromium,  liKJ  — 
from  Aneciiioua  ucid  and  Anwnic  acid,  2U3,  304,  and  iOfi — fmm 
oxide  of  Tellurium,  313 — from  S«I<*nious  acid.  316 — from  Se- 
lenit-  acid,  317 — from  Sulphuric  arid,  343 — from  the  olheroeida 
of  Sulphur,  a4fi — from  Pbonphoric  acid,  a-iS — from  Phovphoroiut 
«oid  iiiid  H)-|>ii|ilins[ilinTfiuA  acid.  2<W — from  Silicic  acid,  37a, 
383.  3H1?— from  Oxalic  avid,  330— from  Carliontc  ucid,  335 — 
from  Boriu-ic  acid,  33»— from  Chtoivuit  acid.  303. 
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CARBON.  Quantitative  estimation  of  Carbon,  ii.  306.— Sepanx- 
tiou  of  Cnflvii  from  Silicalcit  30P— from  Sulphur.  309  — (rom 
Sulphur  and  t>nlt|>i:lrc:  Miiil7«i«or<juu|wwdcr,  31 1 — fitim  Iron. 
312 — from  Chlorine.  35!) — from  Xitrogen :  method  oTtinalyKiDfc 
Cyanurrt!^,  376 — from  liydra^c1),  407. — Scp«ration  of  the  guke- 
AU.4  com|»uiuI«  of  Carbon  and  Mydrogvii  from  one  an^bt'r. 
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QuantitatiTfi  eitliiiuition  of  oxide  ot  Bimmulh.  ii.  109. — Stp«. 
ratioa  of  oxiiie  of  Bivmutlj  from  proloxid«  of  Lead,  l(M— freo 
oxide  of  Nirkfl,  lOß — fromoxidttorCadmiui».  I05 — rrDaoixlr 
of  Cobalt,  lOS — from  oxide  of  Zinc,  lOß— from  p4:n>iid«af  Irai, 
l(V> — rrom  pmtaxidenf  Mniifruiese,  103 — from  tbe  (lanhs,  1(11 
rrom  the  Alcalint,  lO-'V — rmm  Ih«  oxides  nf  TTmniani,  107— fnn 
tUuloxide  of  Copper,  1)3 — firont  oxide  of  Silver,  lift — {rtm  po- 
oxide  of  Mercury,  lasi— from  ihd  oxide«  of  Tin.  Iftj — Tihb 
'ntnnic  acid,  1419 — froi»  ihe.  oxides  of  Anttnioiiy,  IHI — (rusa 
Chmmic  nrld  «id  tlio  oxide  of  Chromium,  IWS — from  AftrtK«» 
acid  and  Anieiiir acid,  203 — froiuoxidcof  Ti-Iluriiua,  213— fram 
SelCoiouB  acid,  S17 — from  Sulpliurio  nciil,  343 — froin  Fk^ 
pliork-  ai'iil,  3^1  und  S33 — frani  Cubonic  acid,  391— (na 
Niliic  M-id,  372. 

BORON.     Se|)anition  nf  Boron  from  Fluorine,  II.  335. 

Di'tedion  of  Uoracic  acid  in  »iinplc  i^oluble  comftoiind:^  i.  II. 
in  »inpl«  iiwoliibl«  vompaimd«.  18 — in  complex  «liable  rtn- 
pound»,  31  — in  complex  inMlable  Compounds.  ä9. — Bebariour 
«f  Bomcic  ftctd  towATd«  rc«^|«iit8,  176. 

QuiuiliUllve  Hxlimatlon  oTBonich:  nrkl.  ii.  329. — Sepanön 
of  Ronuric  a^'id  from  various  in^ullic  oxideH.  329 — from  RtfTta. 
.t29— from  SlronliaJi,  32»— from  Liint-,  320— fmm  pjotoxWeof 
Lend.  321)— from  tdl  oLlier  lixod  HaMr».  329— froin  Silicic«:«! 
330. 

IIROMIN'!-'.     lli-linriaur  of  meüdBc  BnuiiideB  towanla  naKniiv 
1.  IKS. — Qiuuititfttiv«  ectimailon  nf  Rmmlni*  in  its  cumpouA'i 
IL  3ßA. — Scpantiion   of  Bromine   from   Chlorine,  367 — Am 
lodiiie,  3liä — from  Hydroji^ea,  407. 
Behatiour  of  Bromjc  acid  lowsids  icagenb,  i.  166. 


P 


CADAIirM-  The  quantitative  entimation  nf  Caduüuni  in  K^ 
rom|tounds  is  the  same  as  tliat  of  oxidu  of  Culminm.— >«cpsv 
lion  of  Cadmium  from  Sulphur,  ii.  233. 

Dplection  of  oxide  of  Cadmium  Is  stmple  soluble  com| 
i.  7 — in  Hiiiiple  inHoluMe  compoaods.  I&— in  oiminlex 
com)>ound>i,  23 — in  compLex  JnsoUdilo  ooi^und»,  3fi. — SAk 
TiouTof  oxide  of  Cudmiuni  towards  re;i^eutB.  107. 
'    Quiuitiliitive  e.ttinittti'tn  of  oxide  of  Cadmium,  iL  S7. 
lion  of  oxide  of  Cadmium  from  oxide  of  N'ieLe),  i>7 — from 
ofColiall,97 — from  oxiilcof  Ziac,&7 — from  |iuroxKleof 


■ 
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— fmo  pntOKide  of  Muifpineste,  97 — rraoi  the  Eaitlis,  97 — frotn 
the  AlcalicH.  97 — from  protoxide  of  Lead.  103 — Troin  oxide  of 
UiuButii.  105— rrom  tbe  oaddM  of  ünaliUD.  107— frooi  dcut- 
oxiilt!  of  Copper,  114— from  oxide  of  Sliver.  IK^fmm  perosirif 
or  Mereur;,  139— rrom  tbe  oxide»  of  Tin,  IS4— from  Hianir 
arad,  IfiO — Iroin  lh«  oxidva  oT  Antimuny,  1(^1 — from  ChrotDK- 
ari«l  itiid  the  uxid*-  of  Climniiiini,  196 — from  ArwrniiHi»  acid  uitl 
AwCTiiv  acid,  203 — from  oxide  of  Tellurium,  3 13— from  Sek-iii- 
oui»  add.  SI7 — fnun  Splenic  acid,  2111 — from  Sulphuric  aclil, 
24Ü — from  Pliuftplioric  nrid,  251  end  ää.1— from  Cerbontc  acid, 
331. 

CAIX^ICM.  l><-t«rliuii  of  IiJaie  in  »implc  boIuUv  aimpousdK, 
i.  9 — in  aifflple  iruuluble  rompouuds,  1;^.  16,  and  SO — tn  com- 
pivx  solublv  compouniU,  2ä — in  ixnnpIeK  Inaolabtc oompounds, 
36  nnd  44. — ü«liaviour  of  l*lm«r  towards  rtagfnU,  66. 

QuantitaliTeMÜntalion  uf  Liaie,  ii.  16. — Seporatioo  ofLlmp 
from  Strontiao,  \S — from  Baryten,  19 — from  ttc  Alcalics,  W — 
from  Mu-jnoia,  3<i— from  Aliimlnn,  34  -from  (iludna.  .W — 
fnnii  Vilria.  3d— from  iheoxldcM  of  Cerium,  40^fr«jiii /immia, 
41 — from  proioxiilr  of  AlanfaneBe,  4tf — fmw  peroxide  of  Iron, 
(il— fnim  ovjdf  rif  Zinc,  81  -from  oxide  of  Cobalt.  8» — from 
oxide  of  Nickel,  96 — from  oxit\«  of  Cailmlitin,  97 — from  prwr- 
oxide  (if  Lead,  100 — from  oxide  of  Biunuth,  lO^^frotu  the 
oxideii  of  rnintum.  lO^t — from  deutoxidi.*  of  Coppt^r,  1  l:t — froiti 
oxide  of  Silver.  116 — frtmi  pcmxiili:  nf  Mcrtnjrj-,  123 — from  iIr* 
oxidra  of  Tin.  IÖ4 — from  'I'iianic  arid,  172— fmm  lliv  oxides  of 
Antimony,  IdO— from  TungslJc  aeid.  188— from  Molylidicacid, 
IDO— from  C*hmmic  acid  and  Üie  Oxido  of  Chromium,  199 — 
from  Arseniou«  acid  and  Anwnie  acid,  202,  HH,  and  205 — from 
oiide  of  TcUtirium,  älS^from  Seletüous  acid,  216 — from  Sc> 
Ivnic-  iu-i<l,  217 — frtim  Sidphitnrucid.  343 — from  ihr  other  aetdit 
of  Sulphur,  246~rmm  Plios|itinric  add,  3S8 — from  Plmspborous 
acid  and  DypophoxtphorouK  ncid,  3^^— ftom  Silicic  atKl.  87:i, 
283.  21«— frwm  Osalic  acid.  320— from  Carbonic  acid,  .'»25— 
from  Boncic  acid,  339 — from  Cldoroub  acid,  363. 

CAItBON.  Quanliiative  ealiraalion  of  Carbon,  ii.  306. — Sepanu 
lion  of  Carbon  from  >^licates,  30M— from  Sul|>hur,  309— fnun 
Sulpliur  and  Saltpetre :  aoalyun  ofGunpowder.  .'11 1 — from  Inm, 
312 — from  Chlorine,  350 — from  Nitrogen:  method  of  analyoin^ 
Cyanurels,  376 — from  Hydrogen,  407. — Sepanitioa  of  tltc  (piH. 
ous  cumpounds  of  Carbon  and  Hydrogen   from  one  nnotlier. 
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407 — rrom  otiicr  i^ascK.  410. — Analysts  of  all    caapo: 
Carbon  «nd  liydroiicon,  413. — Anklyslti  of  Carbonwaom 
BUuces  by  rtM-3uis  of  Clitonite  of  Potuh.  -I  lA— by  meamofonlr 
ofCc^Iwr.  -til). 

(Juaiitiiaiivf   t^stitnntioii   of  CarboDic   oxtili*   ^«^   ti.  31 
Svpanliuti  uf  Corbunic  oxide  gua  Ihnn  Curburcii.-il  Iivilraen 
gu»,  410. 

QuantitfltiTe  eNtimMlion  of  Oxalic  mrid,  3li» — ol"  Uir  sohiii' 
OxaIhu-s.  3',i4— uf  11)1-  iniMlublf  Oxiduli».  320. 

l>etectii>n  of  Carbonic  acid  in  »iniple  salublo  rmnpnuod«, 
i.  10 — in  ttiniplt!  iniulublr  compounds,  1 7 — in  rompl«x  wWi- 
compound«,  31 — in  complex  iiisolublt;  cooipounds.  38.— Beb 
vioarof  C'arhonic  acid  lowanl«  f«»)renis,  I7i*. 

QuantitBliTc  cstimatDua  uP  Carbonic  ncid  in  a  galenas  fUtr. 
ii.  S'il. — Quantitative  estimation  of  Carbonic  acid  in  fix'^  ^'^ 
Hlaan-8.  331. — Separation  of  Carlxtnir  acid  from  prouiulc  iJ 
Lead,  332^rroai  oaidc  of  Cndmium,  3^2 — from  ptotatidr  r^ 
Iron.  32a— from  protoxide  of  Maii]{ane«p.  322— from  nrii*»  -f 
Colinir,  322  —from  Water,  323~from  chi:  Alcalit»,  32A— frao 
Bnrytvs.  32A— from  Stnmilan,  32ö — frota  Lime.  3S4 — &«• 
Chloride».  3(il — from  Carburcltcd  h}rdrogva  gas.  410— fe« 
Alnioapb(.-ric  air,  4H, 

CHRIl'M.     Behaviour  i>r  tlic  oxiil«»  of  Cerium  towmrd«  mevan. 
i.Hi. 

Quantilativv  estimalion  of  (be  oxidci  of  Certiun,  ii.  :t:i — .>'p ' 
ratJuu  vf  ibc  oxidcn  «f  Cerium  fnim  Yllria.  40 — fmm  Okwin 
40— from  Alumin».  40— fmm  Mitf^neoia,  40 — frura  I 
from  Strontian,  40- -from  Bur>'lt^'^.  40 — fnmi  tlic  AL.v_i-  .  .- 
from  Zirconia,  41 — ffom  protoxide  of  Maa((at»»c,  4A— frm 
lienttide  or  Iron.  59 — Proiii  oxidv  o(  Zinc,  80 — from  deBb»«^ 
of  Copjwr,  113— from  uiidc  of  Silver,  IIa — frfim  peitnideW 
Mi_Tciiry.  123 — from  tlip  oxide»  uf  IIa,  Iß4 — froDi  Titanic  k*1. 
172 — from  Sulphuric  acid,  243. 

CH[X)RINK.     Detection  of  Chlorine  In   &imp|i-  ««»Igblf  cwi^ 

pounds,].  )'2 — in  !>im|)li^inM)]i]ble  compounds,  1^.20 inn« 

picx  w^Iiililc  onmpoiiml«,  33— in  complex  iiiKoluhlc  mcuiMUiiih 
39,  43. — lieHiivlour  of  .Metallic  Clilurkit»  towards  rmscnl«.  ■!'>- 
Quantitative  eKlimaiion  of  Chlorine  in  its  cumpoundK,  u.  mt 
■^^paraiion  of  Chlorine  from  Plio^iphurus,  34!>  luid  3.V>— bt*c 
Snlpbor.  34^  and  3.W— from  Seli-niuiii,  :My.  352.  aii<l  0.»*- 
from  Arwnic,  34y,  3d2— from  Chromium,  a4i» — rmni  TitamaB, 
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349.  ."»03— fR»m  Tin.  :H9. 352— from  Antimony,  315».  ^54— iVoni 
Silvcr,;i*ltt — firomMfrrurj-.M? — f mm  vnrioos  Metals,  ft-W — rrom 
MaöKtin<'»«',;i.'W»  fmin  lri>n,a.*j!»— fmiii  Zinc,  3.1(1— from  Cobalt. 
359 — rmm  CiirlHW.  'M& — fron»  Ci»rlK>iint«*,  !)*•! — Tttaa  Sillcuti;*, 
3«»— from  Fluorid«».  361— froin  Ar»cni«t««.  3<>l— from  Pho». 
pliatPit,  3fil— from  CUlonle»,  3<iÄ^froin  Bromine,  3ß7 — fimoi 
Jo<liiie.  a6H— from  NilrogtTi.STfi — frwrn  Hytlra^en,  407. 

Quantitative  ««timaiion  of  Chlorine  gas,  ii.  361. — Sepufttion 
of  Chlorine  go»  from  nlber  guves,  411. 

Quantitalireeatiraation  of  Chlorous  acid  ami  tlic  CbloriLcs  (or 
Cfalorldei  of  Kanli«  and  Ali-allrs),  ii.  :)«!3. 

Bebarlour  of  Chloric  ani)  tuwiinl»  mi^enl»,  i,  I(i3. — Quarili. 
tÄtive  «slimiitioa  uf  Chloric  acid  und  th<^  Chloiittu»,  it.  362. — 
Sepuation  of  Clilunilea  from  Chloridea.  3HÖ. 

CHROMH'M.  liehariournfoildeorChrnmliim  lonnrd«  PMgtni*' 
i.  Uü. — l}uiintitnüi-e  estimation  of  oxiile  of  Cliri^miiim,  11.  ISl. 
— S«|iA.rktion  of  oxido  of  Chromium  from  ihe  Alculicis  193 — 
from  theaicalinr  Karth«.  IU3— fmii  Miijm-^tii.  I!i:(— fmm  Alu- 
mina, 11)3 — fmni  |iroloxiile  of  Miui^nneHc,  l!^ — fntm  oxide  of 
Zinc,  !!W— from  oxide  of  CoImiU,  m3— from  onide  of  XicVfl, 
193— from  perovide  of  Imi),  193 — from  jiroioxifli?  of  Ituii.  I!I3 
— fruin  proloxklv  ufLcud.  IM — from  deutvxidc  of  Cop|Kr,  IIMI 
— from  oxltle  of  Hiher,  I9ü~(hmi  Chromic  «cirf,  197— Oom 
Aracntous  and  Arsenic  arid.  303— from  Sulpliuricadd,  243  and 
94{^ — from  I'hiMiphorie  acid,  3''!  I — fmm  Silicic  acid,  997. 

neliaviour  i>f  Clinniilc  acid  lowitnKrcii);entK.  i.  190.— Quniitl- 
laiive  miimaiUm  of  Chromic  acid,  h.  IUI. —  Separation  uf  Chro- 
mic ncid  from  oxidt?  of  Chromium.  197. — Tin-  «vpamlion  from 
otIiLT  MilMlniirc«  i»  cfloct«]  like  ttial  of  oxide  of  Chmmium  from 
ÜMaune. 


COHALT.  Tltr  i|uniititAtlve  mtimalioD  of  Cobalt  in  itn  com- 
pounds i«  ihe  Bsme  lut  that  of  oxide  of  Cohali. — SefKtralirai  of 
Cobalt  from  Sulphur,  ii.  223 — fnon  Pbnsphorun.  'iAA^Crtim 
Chl..(inc.  359. 

IMirctlon  of  r)xldc  of  Colmll  In  Himpl«  woluhle  compoiuidB, 
1.  8— in  simple  Inaoluble  Compound».  14 — in  complex  «olnbje 
compounds,  S6 — in  complex  ineoluhle  compounds,  36.— Bcho- 
\iour  of  oxide  of  Cobalt  luwiirfU  rcagirtitN.  d4>. 

CJuontilalirc  Gsttmatton  of  tlie  oxide  uf  Cobalt,  ii.  83. — Sepa- 
ration of  oxide  uf  Cobalt  from  oxide  of  Wine,  95 — from  peroxid« 
r«iiT  II.  r  r 
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of  Iron,  80 — from  praiosulc  of  M(U3[ctutcMe,  »7 — from  Alanio). 
89— from  Ma^esi»,  SO— from  Lim«,  m — frotn  StrontiM.  )»- 
from  Barjlex,  90— from  thi-  Alrttli«,  90— from  oxkk  of  NWUL 
92— from  «siiic  of  (.'«ulmiiim,  1>7 — from  protoxide  of  Laid.  Ho 
— from  oxide  of  Uismatli,  lOS— from  tW  oiides  of  Uraatm. 
107  -frtim  Jcutoxido  of  Copper.  1 13- fmm  oxide  of  Silrct,  W 
— from  pcroiidf  of  Mercury,  123— from  the  uxid««  of  Tm.  'M 
— from  Tiliuilc  avid,  ltii>— from  the  oxides  of  Antimonj,  Itilai» 
I83~fruin  Chromic  acid  und  the  tniiJe  of  Chromiom.  U3- 
froni  Araeniou»  «nd  An-eiiic  «cid»,  202  and  203 — fnwB  PtUt  J 
Tellurium,  21:}— from  Selenious  ncid.  216 — from  Sijeokacii. 
217 — fnim  Sulphuri«  wid,  243 — from  t*bun|ihonc  aail,  SW— 
frotn  (.'iir)K>nic  nrid,  :)22 — frnm  Ntiri<r  uctd,  373. 

DehiLviour  nf  |>emxide  ofColnili  towards  rcngcnts,  L  90. 


COPPER.  Tlie  qufltilitntivti  t^timntiou  of  Copper  lo  ll» 
pound»  Is  uvonlly  tlie  Nune  as  ihut  of  deuloxide  of  Copper'— 
SepjLration  of  Copper  from  Sdver,  it.  1 17 — from  Mftrnry.  IK 
—from  Gold,  Id!)— fmni  Tin,  164— from  ADtinioiif ,  1»!  at^ 
183 — fpuni  Arwenic,  SOS — from  Tellurium.  213 — from  Selen«». 
217  und  220— from  Sulphur.  223.  2:tö— fmm  Phouplinni».  3^ 

Detection  of  «leiiloxide  of  Copper  m  simpit-  wulultle  no 
pnutid)«,  I.  ri — in  simple  tn^uhlo  com]>oiindN,  13 — in  nwpW* 
iüilulilf  coinpoundB,  32 — tu  cumpli'x  iiiMduhle-coaipoonilcas  — 
Behaviour  ofdeutoxkle  of  Capper  toirar«!»  reof^eota,  1 16. 

Quunlitalive  «ilUtialion  of deuioxid«  ofCopper,  U.  liW.— Ä^^j- 
ration  of  deuioxidc  of  Cupper  from  llie  oxidm  of  I'mniiiiD.  Il-t 
— frotn  vxide  "f  Nickel,  113 — from  oxide  orC'*>tMill,  113-  dvn 
oxide  of  Zinc,  II:) — from  |>efosidcof  Iron,  1 13 — fmm  prulatKir 
ofManfpmese.  113— from  tbe  t;artb>,  113— from  itte  Alnlics 
II.1 — from  oxkde  of  Ri«inulh,  113 — ffom  proK^xid«  uf  L««m1,1I.1 
— from  oxide  of  Cadmium.  1 14— from  oxide  of  Sil  wt.  1 16 — irva 
|i*roxJde  of  Mercury.  125— from  peroKi^le  of  Khodiam,  135— 
front  |)croxlde  uf  PuUadium,  l3iV~ from  oiidu  of  Pluinnm,  Ifc^ 
— from  oxide  of  (Jold,  Iö9 — from  llie  oxides  of  Tin,  Ifi4 — ftnn 
Tilonic  acid,  169— from  the  oxidiK  of  Antimony,  IBI,  I©- 
fruni  Clirumic  iirid  uid  oxide  of  Ciiromium,  ISHv— fntm  Aimiu- 
OOH  ncid  und  Aracoic  acid,  203— from  o.\idc  of  Telluhum.  213 
—from  Selenioua  neid  and  Selenic  acid,  217 — from  SulptiBcf 
•cad,  243 — from  Phosphoric  acid.  2AI  mnd  2ä3 — frum  I 
»eid,  301 — from  Carbonic  acid,  381 — from  üorwric  octd, 
from  Nilric  acid.  371. 
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.rORlNE.  IXti'ction  or  Fluorine  in  simple  sololil«  o>m. 
(X)UiuIk,  i.  1 1— in  flUnplc  iusolubli-  coii)[)oud<Ib,  Ik — 'in  complex 
ftolubl«  compounds,  31 — in  complex  iosoluhk'  compounds,  30. 
— ItehHvloiiriif  Melullif  Fhmririi^  iiiwrnrri«  iviip-iu«.  l!K*. 

Qimnlitalive  rNtimaikiD  of  nii.trinp  in  HiiorideK.  ü.  333. — 
RstinuiTion  «f  the  Water  coniiuneil  in  PlaoriHes,  333.— ."^pam- 
tlnn  of  Fludricl«*  from  llyilraßuorü,-  uckl.  334. — Sv|>«rHlinn  r>r 
Hunrine  from  Bon»,  336—[tt>m  Hilictuni,  336. — Se|>iirnti<wi  of 
iDi-(alli<^  Fluoride«  rmm  Fluoride  of  ESilicium,  338— äepaialioQ 
of  nuoridi's  rmm  Silicalcs,  3-tO— rmm  I'lio^i^ates,  346 — from 
KulphntM,  34V— rrom  Chloridot.  361- 

GLUCINUM.  Belntvioar  of  (ilncina  tawarda  reotfcnU,  i.  77. — 
Quaniiliitiv«  c«(unntion  of  OlucittH,  ii.  37. — Scparalion  uf  filu* 
ctnafrnnt  Atiiminii,  37 — froni  Ma^oiia,  SJ^i^fmin  Iilmc,  39 — 
ffom  Strontiiin,  30— from  Bwytc«,  39 — from  the  .^Icolir*.  39— 
from  Vttriu.  »9^fram  theoxidMnf  Orium,  40 — from  Zirronla. 
41 — from  proloxtdc  of  MMD^^anem,  40 — froin  |K-.rnKidr  of  Iron, 
60 — from  osWe  of  /inc.  80 — from  deutoxide  uf  Copper,  1 13 — 
from  oxide  of  Sil»er,  1  IS^from  peroxide  of  Mercm-j',  Ii3 — 
from  the  oxidcn  of  Antimony,  It^— from  An>cnioos  acid  and 
Arsenic  «cid,  202.  204— fntm  oxldr  of  THhirium,  312— from 
Seleniou»  acid,  216 — fnun  Selenic  arid,  217 — from  Sulphuric 
a«id,  S43. 

GOLD.  DelectioD  of  Gold  in  ümple  soluble  compound»,  i.  6<— 
in  »imple  inuilulil«  com|)>>andh,  13-  in  complex  salable  cdm- 
pound»,  22— in  complex  iiiHolulile  oomgxiumlv  35. — Bebnviuur 
of  the  oxides  «nd  cblorid««  of  fJold  lownrde  rcagont«,  139- 

QuaniiimiTe  Ktimution  offjold.  ii.  197. — Sffparation  ofOold 
from  Silver,  1A9 — from  oüidahlc  Mctah,  130 — from  Platinum, 
Ifil — from  Tin,  l(M — from  .Anitmonv,  183 — ^from  ArwTiic.  20Ö 
— from  Tellurium,  2l4 — from  SL'leniuin,  220 — from  Sulphur, 
227. 

KYDRfKiRS.  Quamilalire  estimation  of  llydroL'rn  pas.  ii.  391. 
— K<-piinitii>n  of  llydmg«)  gns  from  Oxyi;«»  K»a,  381 — from 
Nitroi^n  ipiK,  39u^rom  Oij-ffen  )*jw»  and  Nilrogeo  gaa.  392  — 
Se|Mm(i«n  of  Hy^lrogen  from  Chlorine,  4OT — rrtNU  Bn>roine, 
407 — from  lottine.  407 — from  Cyaiiogwi,  407 — from  Cnrlwin, 
407 — from  Phiwphorus,  4l2 — ttom  Sulphur,  413— from  Sele- 
nium, 414— from  Telluriiim,  4IÖ — from  .\rKnic,  414.— 'Analysis 

IF  2 
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nf  8ub«liin(YA  which  r»m»tn  Hydrocen.  hy  meann  of  rWorair  >'^ 
Potash,  41fi — l>y  mean*  of  <leu(okicle  ofCop[>ct,  424» 

Quantitative  (.•stinialiuii  of  WattT,  ii.  303 — ill  S;»!!«.  n:  u:. 
oiidioed  liy  litni,  aiH — in  ruilt*,  wliit-h  aUr:««!  CarUmn  j.-.i 
frnm  tile  air,  394. — tUtiniatiun  or  llie  water  of  rrywUiratn-'j  n 
SdtH.  :t93— of  WntLT  mwliauicttlly  enclosed,  395— id  SaIl«. 
wliicli  an-clccoRspoBtd  by  beat,  096— in  Acid«.  088— iiiB»*«. 
400. 

DvtM'tion  uf  AnunontD  in  simiile  soluble  compound«,  i.  14^- 
in  complvx  soluble  com  [wu  ads,  30. — Bebitviour  of  AnsiOnä 
loward»  n>a;ri>nlK,  AT. — Qiinntilntire  evtimatiun  or  Anununiti  n 
uiuiioninriil  .tnltfl.  li.  4()Ü. — RHlitriAlion  of  Water  in  anmnmiac*! 
mU»,  -UI]  . — Qimntil»tiri!  i>«timali4)n  o(  Amnionin  m  tb«  guagri^ 
Mate,  404.— Sr|mnuion  »(  Aniim^niacal  gast  from  ulbef  g«^ 
406. 

lOniNK.     BebnviouT  of  Metallic  tmlidea  luwartis  rvafccnts.  i.  UT. 

Ctiianiitalivi'  n«iimnii<'in  of  Iiidine  in  tu  compountlit,  il.  ^^■- 
RejKinitiun  of  lodint?  from  Bromine.  ;i6ä — rroin  Clilartii«,  3ft>- 
from  Nitrogen,  076 — &om  llydropin,  407. 

D^bnnour  of  Iodic  acid  lowuids  reageote,  i.  1G7. 

IRIDirM.  QiuntHnlUcivrimiitiftn  of  Iridinro,  ii.  136. — SVp*» 
tioii  of  fridiiim  fniin  nisuy  mhfr  mi-tal«,  137 — from  OsiDJita. 
139 — fnini  Plittinuui,  Rlimliuin,  and  Pultodium,  147  and  1A3. 

IRON.  Qiuiii  til  alive  efttiination  of  Iron,  11.  Al. — Separatina  nf 
Iron  fn>«i  Tin,  )C4 — from  Antimony.  ISO  and  181— fr«« 
Arsenic,  202 — tVoin  Telluriuni,  2la  —  fn>m  Seleiiiuin.  SIT— 
from  Sulphur,  233,  207.  310— rroml*liDH|)hora8,2äd.3IA-&«ai 
Curlx>n,  312,  314— from  Cliromium,  317— fw«ro  Cl.lorin*.  3ffl*- 
froni  St]ii-iiim,.117 — from  Miin;.nineM%3l8 — friimTi!anium.3l>- 
— Its  w'lJaration  from  oth«r  mibHlftnccti  is  ib«;  Mune  as  tlittcp»- 
TBliim  iif  ppmxide  of  Iron  from  those  sulisiunrcK. 

Detection  of  {irotoxidv  of  Iron  in  umplcfMttublu  campoai^ 
i.  8 — in  Mmple  insoluble  comfxwniU,  14 — In  <vvniple«  vAntk 
cotn]M>und».  2(i — in  complex  inaoluble  ci>iu|Hiundii,  ;i6. — Uth*- 
Tiour  of  protoxide  oflron  toward»  reageutii.  103. — Quantiud» 
estimation  ctf  protoxide  of  Iron,  ii.9l. — It»  Reparation  frosi  «tbu 
wilmtancca  in  the  Kamc  as  the  scgiaration  t)f  |wn>xide  of  In« 
from  oilivr  KUhHtanora,  eYccptini;  thv  M-paralion  from  penmilt 
of  Iron,  63— from  Cafbonic  lutd,  3V:{. 


INUBS  ; — LkAU. 

Detection  of  (K-rvxi<lc  of  Iron  in  »itnpl«  <!uIul>Ic<^mpniiri<lK, 
i.  7 — in  simple  iDmluble  compmimlu.  13— in  «implfx  m^1uI>14> 
coiRpouQdK.  '22,  2fi— in  complex  iomlubli:  caoipoundn,  flfi. — 
Behaviour  or  iiemvidr  of  Iron  toward»  n^AgiMitK,  t(U. — Qaanula- 
lire  Mtimation  nf  peroxide  of  Imn,  Ü.  d  1 .— Separat  ion  of  per- 
oxide <if  Inin  frtim  protoxide  of  Miuig:uneae,  59 — fntm  Zirconi», 
.58 — from  the  oxides  of  Oriiini,  'At — frum  Yltria^  oSJ^from 
Olucinn,  6U — froiii  Aluminn.  60 — from  Mtj^Deain,  61 — rmni 
Lime,  fil — from  Strontian,  CI — from  BuTtes,  61— from  (he  Al- 
c»Iia,  61 — from  praloxide  of  Iron,  63 — from  oxide  of  Zinc,  75 
— from  oxide  of  Colmlt,  Ö6 — from  oxide  of  Niclirl,  fW— fmin 
oxkle  of  Cndmium,  97— from  protoxide  of  Lead,  100— from 
oxide  of  Bismmli,  lOfl— from  iheoxidtiiof  I'runinm,  108 — from 
dcatoxidcof  Copper,  112,  113 — from  oxide  of  Silver,  116— from 
[NToxide  of  Wercurj-,  I2S— from  peroxide  of  Khodjnin,  133  - 
rroinotlde  iif  Plntinum.  U6-  from  iferoxidL-offiold.  Ifil — fr^lm 
llie  oxide«  of  Tin,  KM— fmm  Tiianie  »clil,  I7W  -from  the  oxides 
of  AniinoDy,  181 — from  TnagKtic  add,  186 — frora  Molybdic 
lu-id,  IW— from  Chromic  ueid  and  the  uxide  of  Chromium,  193 
— from  ArsenioH»  nciil  ami  Arvfiiic  acid,  2l>a  »nd  3tl3 — from 
oxide  of  Tellurium,  2l'2 — fnira  SelifnlouK  ackl.  2l<v— from  Sele- 
nie  acid,  217  -from  Sulphuric  acid,  H9 — from  the  oilier  luiils 
of  Sulphur.  346 — from  riiusphoric  aeid,  2d3 — from  tlie  Pho«- 
pliomua  and  Ityfiophncspttonni«  ucids.  265— from  Silirtr  nrid, 
273,  983,  3(il  — IVom  Tnnulle  acid,  »(»-from  (Kalic  acid,  320 
— from  BoriLcic  ucid,  323 — from  Niirk  ackl,  ;iT3. 


LKAIX  The  Quantitative  eslimutioo  of  Ijead  in  Um  compound«, 
it  motilly  the  sumeii»  lliat  of  tlir  proloxttleufliead. —  Scpuntlinn 
of  Lead  from  Silv«,  ii.  1 17 — (mm  Mervory.  IS2— front  (.JoUI. 
Ifl!» — from  Tin.  1G4 — from  Amimony.  181  and  18a  —  from 
Artenie,  20a— from  Telluriiuu,  2ia— from  Seltuiiun,  217  and 
230— from  Sulphur  22(>  imd  !J3M— from  C'blorinr,  .Ti6. 

Detecliort  of  pr'>toxi<le  of  l^i-ad  in  ttimjile  «iilllMe  <iim("nmd5. 
i.  ß— in  ftimpli;  inwlulJe  eouijxHiuUü,  13,  20— in  complex  ndu- 
ble  ompounilH,  22 — in  complex  ioMtlulde  cnmpoumU,  36,  44. 
— Behaviour  nf  protoxide  of  Lead  lomnls  rmtimts,  10!). 

QuuiililHli«e  eAtmiatton  of  protoxide  of  Lead,  11,  99.— S«[Hira> 
tion  of  pniloxldeof  Ijciid  from  oxide  of  Nirtel,  l(«) — fnini  oxide 
of  Coltall,  100 — from  oxide  of  Zinc,  lOO — from  peroxide  of  Iron. 
100— from  proLoxkle  of  Manganese,  100— from  the  Earths,  100 
—from  lliL'  Alcalic«,  100 — from  oxide  of  Cudmtum.  10:1 — from 
oxide  of  Bi»raulJi,  104 — from  Utc  oxide»  of  rninium,  107— from 
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deutoxid«  of  Copper,  1 13 — from  oxide  of  Silver,  1 16— ItB«  I 
oxidca  of  Mercury,  ISä—froni  tlw  oxides  of  Tin.  )&( — fiDB 
•ntfinlc  ttciil,  169— from  the  oxide«  of  Antimonr,  181,  llO- 
ftom  Tungstic  acid,  16H — from  MolyhtJic  acid,  190 — froin  Ckco- 
nie  acid  Mid  (be  oxide  of  Cliromiuia,  l!Hi — &om  Arseniotu  >nl 
Ulli  AreeniP  acid,  20:i,  '^^— from  onde  of  T*-llurinin.  313- 
from  Scleatous  acid.  217 — from  Sdenic  acid,  2iy — fnun  Sn!. 
phuiic  Aoltj,  94!) — from  Phospboric  ncid,  3dl  and  3ö3 — lTaa| 
Silicic  itcid.  273  and  2Ü4— frum  Oxalic  acid.  320— fton  Cu-I 
Ikiiiic  ucid,  321 — from  ßomcic  acid,  3d9 — from  Nitric  Mid. 
371. 

ISelwviuur  of  tlie  red  mid  bruwn  oxidt;s  of  Leail  lovwl) 
r«it{ent$>  )■  1 13. 
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LITHIUM.    BrhaTiour  of  Iiithia  tovardfl  nia^tmts,  i.  M.- 
til]iuv<>  t-stimiihon  of  Litliiii,  ii.  ^. — SvpariUion  uf  ItlttiiA 
Potash  luid  Sndn,  10.— Th«  Hepamliou  of  Llthin  frum  oihrr  »!> 
stanccH  in  the  »«lac  as  the  »«pamtion  of  Potabli  fntBi  tbc 
sulnctifDce«.     Hv«,  tlivn.-lurc,  I'un^siUM. 


MAON'KSir&L  Detection  of  Ma^cata  in  siiople  »nlahle 
(KMind».  i.  9. — (n  wraple  insoluble  cion][)ounil8,  IS,  16. — in  «k>- 
{ilex  soluljlr  uimpouods,  Sd — in  cDiOfilex  iiisululile  coMpoimii. 
'J6. — Beh;iviuur  vf  Ma^cnwia  tuwanln  reiL^^^iLH,  70. 

(junniitalive  efitinintion  of  Maf^esäs,  Ü.  33. — SepanUwa  rf 
Mugniwiu  from  Lime.  26 — from  Slrouiiou.  28 — from  Baijlo. 
SS — from  (he  Alcali««,  99 — from  Alumina,  Ul — from  GitKiiu. 
38 — fmm  Ylirin,  .19 — fmm  the  oitdes  of  Cerium,  -fO—fium  Tm- 
eonia,  41 — from  [»roloxiile  of  Mnngnnatc,  4f> — ^fruiti  peraxido/ 
Iron,  81 — from  nxide  of  KiDc,  90 — from  oxido  of  Cofanlt,  S»— 
from  oxide  of  Nickel,  96 — frooi  oxide  of  C'lulmiam.  9? — frna 
protoxide  of  Lend,  100 — from  oxide  of  Bifunutli.  HKi — bun  tbr 
oxidw  ufUniniiim,  lUt^— from  duutuvid^.-  of  t-'op|M-r.  1 13 — froa 
oxide  of  Silrcr,  I  H> — fnira  peruxide  of  Mtrrcury,  123 — fruu  tiir 
oxidea  of  Till,  |{i4— from  Titanic  acid,  172 — from  the  <«idt»  «f 
Antiiuuny,  I>IO — from  Chromic  arid  arid  the  oxide  «if  Uvik, 
mium,  193 — from  Ar«cniou8  itcid  nod  ArMmic  arid.  2(tt  ovl 
204 — from  o>iidf  of  Telluhum,  21:! — from  SvlvniiMi«  «cid,  2W 
— from  Selenic  acid.  217 — from  Sulphuric  acid,  243 — fiumtkc 
othiTncid»  of  Sulphur,  S4ti — from  PtiOKplioric  uctd,  3d7 — fnun 
PIiosplioroiiM  iicid  und  Hy|>op)i(Hphorou«  iicjd.  aH.*! — frain  ^Mline 
acid,  373. 2S4, 2*iS— fn.m  Oxalic  «cid,  320— fmni  Carbank: 
321— from  IJoraclc  avid,  33^— from  Nilric  add.  a?©. 
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MAXGAXRSB.  St!|»iraiMin  of  Mani^nowie  from  Sulplinr.  ti.  23U 
— from  Chlorine,  359. 

Uel«rtion  ni'  pmioxiili^  of  Man{;anf><te  tn  simple  soluble  com. 
pound».  L  8 — in  oimpli;  hiMitutile  i;t>inpound)i,  \5 — in  complcn 
soluble  compoundi),  26— in  oomplex  iiiBoluble  compouDcIs,  3G, 
— R«harioiir  of  th«  protoxide  of  Muif^eKe  lo«»nlii  rmigenl)«, 
87. 

Quantitatire  t!slim:ition  of  proioude  of  Mnnjpmefie,  ii  43-— 
Scpanilion  of  protoxide  of  iluipinac  from  üiiroiiiu,  4*1 — froia 
the  Oxiden  of  Cerium,  45 — from  Ytlria,  46— Ihno  Gludan.  4C — 
(rom  Aliiminii,  4n-~fr»in  MoKiieaiii,  4S — from  Lime,  <18  uid  49 
— from  SirontiiiQ,  31 — from  Diuym,  51 — from  ihc  Alciilieft,äl. 
— from  jwrroxidc  of  Iron,  M^from  oxtd«?  of  Zinc.  7B — from 
OKkle  of  ('otinll,  87 — fram  oxide  of  Nic-kel,  96 — fn>m  oiide  of 
Codmiom,  97 — from  protond«  of  Lend,  100 — from  oxide  of  Bi»> 
muth,  IU3 — fmm  the  ovidn  of  Uranium.  I0>^— from  rleuioxiih: 
of  CopfKT.  1 13 — from  oskl«  of  Silrer,  1 16— fr<^m  prroiidc  »f 
Mercury,  123 — from  onide  of  l^lntinum,  I4B  — from  ibe  oxides 
of  Tin.  164 — from  Titanic  xcid,  16»— from  ibe  oxides  of  Anti- 
mony. 181— fromTuniptlicwid,  188— from  Molybdic  «cid,  liW. 
—  from  Chromic  acid  und  uxidf  of  Chromium,  193— from  Ar^i-ai- 
OOM  acid  and  Antenic  aci<l,  202,  2(tA — from  oxide  of  TcUuiuim. 
313 — from  Selenions  acid,  216— from  Seleoic  «cid,  317 — (rota 
Sulphuric  acW,  343 — from  PhoBphorii:  acid,  253 — from  Pbo*. 
phorouf  ariil  und  HyiiopboBphorooa  acid,  265 — from  Silicic 
acid,  273— fnim  Oicnlic  twi^l,  33U— from  Curtiunk-  avid,  333 — 
from  Ik^mcic  acid,  329 — from  Niliic  acid,  373. 

Bvliavioor  ofdvutoxide  of  MaagaiMM  toward*  Ragvnls,  i.  01. 
— lU-lmi'iour  of  |>cfovide  of  Man);anese  totrntdM  reaj^cnlN,  93. — 
QiuuitilaiivftfttUmniio»  of  ibc  dniioxidc,tI>cini(.-TiRediutt.'  brnvin 
oxmJc,  and  the  peroxide  of  Muifranes«,  iL  44,  4>V 


MKKCl'RY.  'Ilie  «luuntitatirc  esiimmion  of  Mercury  i«  mawtly 
the  fame  as  that  of  peroxidt!  of  Mercury. — Scparatiun  «f  Mer- 
cury from  iKin.YolatiLe  MtrtaU.ii.  121 — fmtn  Arsenic,  HHi — from 
ScK-tiiuni,  217 — from  Sulphur,  227 — from  Chlorine,  3A7, 

Drtei:ü"Q  of  proiDxide  of  Mercury-  in  simpU-  soluble  cum- 
pounds.  J.  S — in  simple  insoluble  compounds  13,  30 — iti  «>ni- 
plev  «olublc  compottiMl»,  23 — in  complex  in«olahte  compuunda, 
36,  42. — Behiiviour  of  protoxide  of  Mercury  htwnrd»  reogcuU. 
126. — QminliUilive  cstimiaion  of  protoxide  of  Mercury,  Ü.  IIB 
and  1£J. — Separation  of  protoxide  of  Mercury  from  oxide  of 
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SÜter,  I2d — ftam  peroxicj«  of  Mercury,  ISO.— Tbe  ■eptniioB  of  J 
protoxide  of  Mercury  IVom  lite  rduaiain^  oxides  la  tbe  smmmi 
ibai  of  peruxidi-  uf  Mc-rcury  fnuii  the  »ttme  sub«tiuic<». 
-    Deteclion  of  peroxkle  of  Mercury  in  siaiplu  Milalilc  on>J 
pounds,  i.  6 — in  niniple  insoluW«  compound».    13,  30 — ia* 
plt^x  iu>luUItf  «.-uiiipouiid»,  22 — in  luniplex  inentluble  compoviil^l 
lis,  42.— UeliikvjuUT  of  peroxide  of  AU-rcury  tovmnls  nrn^aib, 
189.^ — Quanliüitive  Mtiination  of  p«:n>xid«  of  Mercury,  ti.  lis, , 
ISy. — Separation  of  peroxide  of  Mercury  from  the  oudex/j 
Uranium.  12:) — from  oxide  of  Nickel,   12.1 — IWxn  oxide  of  Cu- 
lialt,  12:1 — fronioxid«  of  Kinc.  133 — from  peroxide  of  Irao,  ISt 
— Oxiin  proloiid«  of  iniuiinu»:»:,  123— from  ibe  Eanb».  123— j 
frotn  ilio  AJcalivs,  I2U— from  oxide  of  Silver,  12^ — from  dem- 
oxideof  Copper,  13d — from  protoxide  of  Lead.  1214 — fromoiiilr 
ori)i:tiiiul1>,  123 — from  oxide  of  Cgulniium,  IlJt) — from  pnininir 
ofMetcur}'.  KSO — frtnn  the  oxidai  iifl'in,  Ui4 — fmui  lliroxiiir. 
of  Aalimony.  IHI — from  Chromic  arid  and  the  uxvie  of  Clm- 
mtum,  l!>ä — from  .^rsenious  (u.'i<l  uid  Arsenic  Acid,  3U3 — If^o 
oxide  of  Tellnriura,  213 — from  Sel«ui(ni»  acid,  217 — froiDSat- 
jihuric  »cid,  2-13— from  Phosphoric  acid,  SSI  und  253— &•■ 
Nitric  ucid,  :)7i. 

MOLVBDLINVM.     Quantitative  eetimatiOD  of  Mcilybdic  mU,i. 
18!l. — Separation  of  Jtolj  lidic  add  from  mont  oxide», . 
the  Kartha  and  Alcolic»,  liHh 

NICKEL.     The  quuntilative  estimfttioD  of  Nickel  In  its 

]K>und!t  in  like  that  of  oxtd«  of  NickvK — Sepnruiion  of  NV 
from  Sulphur,  ii.  223— from  Phosptionn,  2.W. 

]>(!li-ction  of  oKideof  N'icki^l  inüimplewilubltf  ruiupoundi,I.A 
— ID  atmple  iuaoluble  compound«,  14— in  complex  soluble  «w* 
pound»,  2f> — in  complex  initohilile  compouuds,  36. — Bt>lui»-iuur 
of  oxide  of  Nickel  tuwardA  reop-nis,  W. — Quiuitilulive  e«uii>9*J 
tion  of  oxide  of  Nickel,  ii.  91.— .Separation  ol  <i\tdr  of  Nickrl] 
from  oxide  of  Cobalt.  92 — from  oxide  of  Zinr,  94 — frwa  pu- ! 
oxide  of  Iron,  M — from   proto^iidc  of  Miin^Qese,  90— fmaii 
Alumina,!)») — from  Maj^nesia,  ^G^from  I.ime,  9fy-~fnim  Si««-« 
tian,  97— fnira  IWj'tca,  97— -from  the  AKalics,  97 — fmm  otidf 
of  Catlmium,  117 — from  proto.\idc  of  Leud,  !(>(>— fitim  oxUc(>r 
Bismutli,  Iwa — from  the  oxide»  of  Uranium,  107 — fram  Jnt- 
oxide  of  copper,  1 13— from  oxide  of  Silver.  1 1&— from  iwrnub 
of  Merturj',  Ia3 — from  llie  oxides  ofTin,  I64 — fraoi  tbc< 
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«r  Antimony,  181,  183 — from  Cliromk  acid  and  the  oxide  of 
CbroatJum.  193 — from  Araenioiui  add  and  Anpoi«  acid,  S03 — 
from  oxide  of  TKlluriam,  SIS  — rmm  KcleniouK  acid,  Slfl — fruni 
K«l4-uiv  fu?id,  S)7 — rmm  Sulphuric  acid,  243 — from  Phoiiphoric 
Bctct.  2f)4. 

Ikhftviour  oT  peroxide  of  N'icl:«!  towaHvreo^ceDU,  i.  101, 

NITRCXJKV,  Quaiititiitivc  f«timati.>n  of  NliroKPii.  ü.  3fi9.— 
Separation  of  XiiM^t-n  from  t>xyj;t"n,  375— from  Chlorin«,  .176 
— fiom  Iodine,  37ß — from  Cnrlwn,  376. — Si^puntion  of  Niircmi-ii 
go»  from  Oxj'Ken  gim :  aiialym  of  Atmuiipliehc  Air,  3!)1  —from 
Ox]Fg«n  gas  nnd  Hydnif;«m  gas,  ä9S — from  carbureited  Hjdr»- 
^n  gms,  410.— Anal y«ii>  of  uuhaimiccs  wliich  contain  Viirogen, 
by  mcaiu  of  Chloiwc  of  Polimli,  4I5-hy  mean*  of  oxide  of 
t'opjwr,  420. 

Dcicctiaoof  Nitric  acid  in  simple  soluble  compoDmli«,  i,  12 
—  in  tiitnpl«  insoluble  conipuinids,  17 — in  coin]i1i'XM>lulilv  com* 
IMMiniU,  33 — in  complex  iiitolulik*  compoundn,  39. — Uehavlour 
v(  Nitric  acid  tonanjs  R-nifcnU,  I^^Quaiitilative  eMliaialion 
of  Xitric  acid,  ii.  34it>.— Sepanitinn  of  Nitric  acid  from  meinllii- 
oxides.  370 — fiton  Boryie«  nnd  Sironilon,  373 — trom  liw  Aktu 
li«».  374. 

Bvhaviour  of  Nitrous  and  Hy|knni1rouN  acidit  lonards  re* 
a{;i^at)>,  t.  ICI. 

Quantitative  «»timation  of  Cj-anftgrt)  in  Cyanuwts,  ii.  376. — 
Se^ioration  of  Cyanogvn  from  ^leIal^,  376. — Analysis  of  ibe 
Htinple  Cyaaoreta,  377 — of  lb«  doubl«  Cyaiiurel»,  377.— 
Analysis  of  the  Cyanit«-«  uiul  Cyimal«'«,  379.- Quantitative 
«atimatinn  of  Hydrocyanic  «rid,  407. 

Detection  of  Atntnonin  in  »imple  soluble  conifwonde,  i.  10 — 
in  complvv  soluble  roiiijxiuixii-,  ^Cl — B«*havioiir  of  Animooia 
towards  ri-ftt;rnt»,  A7.— Cluanlilaliv«  «.limalinn  of  Ammimiu  in 
ammoniacal  «alts,  ii.  400. — Ettlimnlion  of  Water  tn  ammontBcal 
salts,  401. — Quanlitaliv«  fHitmilion  of  Kaseuils  Anunonia,  4(M. 
— S«>pnmtion  of  gaseous  Ammoniu  fruoi  olfacT  gases,  406. 

OSMTVIkl.  QtianiiUtlve  e»limaiion  of  Osmium.  H.  138.— Sqiara> 
lion  of  Osmium  from  other  Metals,  139— from  Iridium,  139 — 
from  l^lntinum,  Itbodium,  nnd  Palladium,  147.  —  Trat  for 
OHininm,  143. 


PALLAniL'M.    Quantitative  esiimatton  of  Palladium,  U.  ISO.- 
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Sepanulon  of  Palladiiim  front  most  other  melala.  136— ban 
Copper,  ia5— from  AJcbUqu  mi-iulic,  136 — from  Plalinain,  Hb»- 
lUiuu,  Iridkun,  uad  Ouoium,  147. 

PHOSPHORUS.  Qunntitntiv«  exUmation  of  mctmlUc  Pbo»- 
pburctk,  ii.  250. — Separation  of  Phosphorus  Crota  Caxhno,  3U) 
— rrom  Iron,  318— froni  Chlorine,  349,  3A2— from  Hydro|^. 
412. 

Quunlilutive  eMlimiiliuti  of  HypoplioHphorous  acid,  iL  3W— 
of  tilt-  Hypi>{>hü^|il»te't,  3(>ä. — S«|ittnlion  of  Hypopbmpbotim 
ackt  front  Fhtisphoric  add,  207. 

Quunitntire  cstimntJoo  of  Phosphoront)  add,  ii.  34!>— oTlfar 
Phosphites,  269.— SeparatioD  of  Pboaphuröiu  «cid  from  Phcw- 
phoric  acid,  207. 

Dcicclion  of  PhoMplionc  acid  in  simple  soluble  (xuqinnomIbi 
i.  10 — in  siiDpK*  imtulublo  Compound«,  Iff—in  romplev  Kilillik 
cornpnumlN,  31 — in  complex  iaaolultl«  compounds,  39,  44. — 
Behiiviuur  of  Phcwpboric  acid  towwds  reagents.  It>8. 

QuuntiiBtivr  i-Ktimatiun  of  Phosphoric  acid.  ii.  349. — Sepan- 
üonurPhoBplioricacid  from  Sulphuric  »cid.  2^  und  264 — Aw 
Arseniausacid  and  Arsenic  acid,  251 — frnm  oxide  of  C-'wtmiim 
251.  2<53 — from  protoxide  of  L<-*ad.  2öl  and  25» — frocn  oxide  of 
Bi&niutb,  S-^l,  2-33— from  deuloxide  of  Copper,  351,  3fi3 — Ina 
oxide  of  SilviT.  ftAI  and  252 — from  peroxide  of  Mercury,  9SI. 
253 — from  llie  oxi4lcH  of  Tin,  251 — fR>ni  the  oxides  nf  Anti. 
moDT,  351 — from  oxide  of  Cohnlt,  253 — from  oxide  of  SUiiCiSU 
— fVotn  peroxide  of  Iron.  S53 — from  protoxide  of  Manf^niicMi. 
253 — from  Chromic  acid  and  the  oxide  of  Chrtanium,  254 — änn 
the  oxide«  of  Uranium,  254 — from  oxide  of  \ickol,  a.'M — GfM 
Yitriu,  2Ö6 — from  ^VJuminu,  25fi — from  Mat^nean,  357— (noi 
Lime,  24;f— from  Kirontian,  25t^— from  Barytes,  3ött— Crcn 
Potaab,  258^from  Soda.  25ti— from  Lithta,  30« — from  I'bi»- 
phorou»  acid  and  Ilypophosphuruus  acid.  2ti7 — from  SiUdc 
a«:id,  2M4 — from  Fliioridts,  346 — from  Ctdoridcs,  3H|. 

PLATINUM.  Behaviour  of  oxide  otkI  chloride  of  Platinum  1a- 
ward»  reaf^eniK,  i.  136. —  Quantitativ«  estimation  orPlatillillB.it 
144.— Separation  of  PUtiaum  from  M«njfu.nese.  Iron.  Colall, 
Nickel,  Copper,  Mercury,  Ac.  146— from  Osuiium,  Iridimg. 
Palladium,  and  Rhodium,  147  —  from  Gold,  161- — from  H». 
164 — from  Antimony,  lt:l3 — from  Arsenic,  306 — from  Snlphni: 
327. 
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POTASSIUM.  SeparaUon  of  PoloüsiurD  from  Sulphur,  ii.  231:'— 
from  Chlorine,  341). — Detection  of  Polnuli  in  simple  W)lul<Ie 
conipoundH.  i.  lO^in  tximplex  Holulik-  conipoiUKlut,  29.— B^ 
hftvivnr  of  Potofh  townnls  reotfcnU,  4^. 

Qnantilalive  eKiimatioo  of  Poüuh,  Ji.  A. — Separation  of  Potash 
Trora  Soda.  H — from  liiliiin.  10 — frOTw  Soda  and  Lithin.  12 — 
from  ii&ryt«*,  la — from  Simntian,  15 — from  Unu»,  aü — from 
MtgiMsU,  SS^from  Alumina,  36^rroni  Olocina,  3^ — from 
Yllria.  39 — from  the  oxidcH  of  Cerium,  40 — from  Zircunio,  41 
— from  protoxide  of  Muimanest^,  31 — from  peroxiih*  of  Iron, 
81 — from  oxide  of  '£üit,&2 — fn>m  otiiic  of  Culiwlt,  90 — from 
oxide  of  Nickel,  97 — from  oxide  of  Cadmium,  97 — from  prot- 
oxide of  LeiMU  100 — from  oxide  of  BiioiDtb,  10&^(Vom  tbe 
oxides  of  Uranium,  108 — from  dculoxidc  of  Coppirr,  llll — from 
oxido  of  Sihur,  11<> — from  pi-rovide  of  Mercury,  l'£i — fmm 
jieroxiilK  of  Kliodium,  134 — from  peroxide  of  Palloilium.  13A — 
from  oxide  of  PUtinum,  H5 — ^from  the  oxid«  of  Tin,  IW — 
from  Titanic  acid,  173— from  lliv  oxidint  of  Antimony,  I80^ 
from  Tunffstic  acid.  188 — fnini  MolyUlic  acid,  11*0 — fn>m 
Oinwnic  arid  and  the  nxide  of  Chromium,  193 — from  AneniouH 
«(-id  and  Arwnic  acid,  302  and  204 — from  oxide  of  TellQiium. 
212 — from  SvU-niooa  »cid,  216 — from  Stlmii-  ucid.  217 — from 
Sulphuric  acid.  343 — ffnni  |h«  oihiT  acidf  of  Sulphur,  34(i — 
fmni  PlHisplionc  acid.  2'1')— from  Ph«»plK>niu*  and  Hy)H>phi>*b 
phvfou«  ucids,  2^ — from  Silicic  ncid,  in  comp<^i>riil:«  «liich  arv 
deLtjmposable  by  ucids,  273'-~froBi  Silinc  arid,  in  rompoundsi 
which  Brc  twt  ducompoHabJe  by  acid».  280 — fmm  Oxalic  acid, 
320— from  C«fI>onic  acid,  323 — from  Horaric  add,  33»— from 
Chlorous  iicii),  3IU— from  Nitric  acKl,  374. 

RHODIOl.  Quanlilativv  nlimation  of  Rliodtttm.  ii,  131. — 
tx'pamiion  of  Rliodinm  from  many  oiIkt  lUctaJs,  13 1— from 
Cojiper.  133— from  Imn,  133— from  nlciline  Metnlr,  134 — 
fmm  Platinum,  Pallndinm,  Iridium,  and  Osmium.  147. 

SELKN'IUM.  The  quantitative  estimation  of  Selenium  Is  mostly 
like  that  of  Selctiiou»  acid. — ^paralion  of  Seleninm  fn>ro  Man- 
guDcse,  ii.  217— from  Iron.  217- fmm  Zinv,  217 — fmm  Oolidl, 
217  and  220— from  Niilii'l,  217  «nil  220— from  Cadmium,  317 
— from  Ijeitd,  21*  and  ZaO^-from  BiMuuth,  217 — from  Copper. 
217  imd  220— fmm  Silver,  217  and  220— from  Meroiry,  317— 
from  TcUuriuoi.  222— Ironi  Aiaenic,  222 — from  Antimony,  222 
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— rrom  Sulpfaar.  228— from  CliloriDe,  349,  352.  3M^b 
Hydrogen,  419.  ^H 

QiuDtiiatirc  esiimution  of  Selenioin  acid,  ti.  213.— Se^B 
tion  of  Sclcaious  ncid  Crom  the  Alc»]i<«,  Sltl — from  the  E«l^ 
2l(i — rn»n  protuxiilf  or  Miiii^imc^,  31it~rrr>ui  |HTuvi^H 
IrtJU.  2l<i — from  «slite  ufZinc,  2Ifi — from  oxide  ol'0)ha]^Vi 
— from  oxid«  of  Nickel,  216 — from  oxttle  of  Cadntinm.  317— 
from  protoxid^r  of  Ijead,  217— frcun  oxidr  of  Bifttnalh,  2)7— 
from  dcutoxidi;  of  Cojipcr,  217 — from  oxid«  of  Silver.  217 — from 
peroxtriti  of  Mercury,  SI  7 — from  oridc  of  T«'41iirinm.  äSS — from 
Arseniouit  acid  &at\  Arsenic  acid,  222 — from  the  oxides  uf  Anti- 
mony. 222— from  ibc  oxides  of  Tin,  222- — from  Selenk  aäd, 
223 — fnmi  PlhÄpliofic  arid.  251. 

Qiiniitiliitive  I'sl  imalion  of  Selenic  ficid,  ii.  3 1  A. — ScpwmtiuD 
of  8trlL-riic  iidd  from  olhiT  eu  hRtniicvtt,  317  and  219 — ^ca 
Sckmious  acid,  222 — from  oxide  of  TrlluriaiD.  22:^— fron  tbt 
oxide«  and  tLcid»  of  Antimony  and  Ar»enic,  323. 

SILICUrM.     Separation  of  Silicium  fioin  IrMt.  U.  317— foa 

Fluorine,  «36. 

BehiLviour  of  Silicic  acid  tauurds  reageots,  i.  IH3. — Quulit» 
live  «timfttion  of  Silicic  acid.  ii.  2t»!(,— FrosTti»  of  ibe  Anxly«* 
of  tlw  SilicaU^s  wbicli  are  d er oni posed  by  Acid«,  369  «nd  273.— 
Sepamtion  of  Silicic  acid  from  protoxide  of  LeaU.  272 — bau 
oxide  of  Silver.  272— from  Alumina,  273 — from  prnuide  «I 
Iron,  273 — from  Lime,  2Ta — from  Ma);iiirsiu,  273 — from  pc* 
oiidc  of  Manganese,  273 — from  llie  AlcnlieH,  273. — Progrewiaf 
lliv  Aniilyxic  nf  Sillcntc«  which  are  indei-om|x»>(iI>lc  by  Aod^ 
274,  2!)  1— Separation  of  Silicie  acid  from  Alculie»  in  sncb 
comp<»UDdii,  2HO. — Scpiu-iLtion  of  Silicic  acid  from  Pbn»plKihc 
acld,äf>4 — from  Sulphuric  ncid.SBfi — frnro  Sulphur,  2&7 — bm 
oxide  of  Chromium,  2!)7 — from  Titanic  acid,  29*« — frooi  pir- 
oxide  of  Tin,  3II0-— fruni  deiilnxide  of  Copper,  3<»1 — from  tw- 
Mxid«  and  protoxide  of  Iron,  3Ul— from  Tnniolic  ociil,  S0(>— 
from  CarlioQ,  30H — from  Boracic  acid,  330 — from  Pluorido^ 
338— from  ('hlflride>i,3<5l). 

Lisluftlie  Mineral"  wliich  are  decomposabU  by  Acids,  L  IdC- 
—Lisi  of  the  Minerals  wliich  «re  decomp<)h>uMc  bv  rofiioo  »ilh 
Alcoline  Carlionates,  188.-- Lim  of  the  Klineml»  which  rrawt 
fuHion  with  Caustic  Potash  for  their  dcconipmvition.  189. 


SILVER.    The  quantitative  ««timH.lioD  of  äilvei  in  lu  comi 
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k  moslly  like  Ihil  of  oKklc  oT  SiUct.— Srjtiiration  of  Silver  from 
Copper,  ii.  117— fnim  Leai],  117— from  Mercury,  133 — from 
Gold.  lfi9--rroiii  Tin.  104 — Tmui  Anümony.  IHI  luxl  18.1- 
from  Amenic,  a«3— from  T*!Iuriam,  214 — fixnn  Selenium,  217 
aiiil  220— from  Sulphur,  227,  238.  2-11— from  Cliloriiw.  3.V>. 

IMedioii  of  ositiv  of  Silver  is  »üii|ih-  wiluMf  ci>ai{ioutKls,  t. 
B — in  «imple  in»olublc  compound«,  13,  2it — in  complex  aoluhle 
compounds,  22— In  complex  inttolahl«  com|x>unclB,  3ß.  44. — 
Bc'luiviour  of  oxiile  of  Silver  lowaniK  retigfnt».  12!). — Quanttta- 
llve  pstluintion  of  oxide  of  Silvvr.  ii.  I  Id.— Sepiifalioii  of  oxide 
oTSilrrr  from  protoxide  of  Lead.  I  U>— from  moHt  other  Oxide», 

09  w«ll  M  from  lüuUis  und  Alciüle?,  )  17— from  the  oxides  of 
Mereary,  IS5 — from  the  oxid«  of  Tin,  liU^from  llie  oxides  o( 
Aatlroony,  181. 183— from  Chromic  «dd,  l!»6— from  ArwiiiiMW 
«rid  Rod  Arwnie  iLcid,  203— from  oxide  of  Tellurium,  213— 
fVom  Selenmu«  acid  sntl  Selenic  ncid,  217 — from  Sulphuric 
acid,  343— frun  Pliofiphuric  acid.  231.  203. 

SODIUM.  Detection  ef  Stidu  in  simple  soluble  oompounda,  i.  10 
—  in  complex  soluble  compouiidn,  2!1.  —  BehiiTiour  of  Soda 
towards  rcngents.  61. — Di^crisiinaticMi  of  Soda  from  Potiudi, 

10  ami  39. 

Quantitative  eMbnation  of  Soda,  ii.  B. — ^Tlic  wparstion  of 
8o4ia  fnm  other  MibtuneM  i»  tlw  nine  as  the  separalioti  of 
Poiuli  from  ibe  same  nilMlances. 


STROXTIt'W.  Detection  of  Sirontian  in  Bimplo  RolnM»  cnm- 
pouad.>i,  L  !) — in  »simple  inMilablc  compounds.  Wi,  Ui,  tunil  2(1 
— in  complex  soluble  compound*,  2^— in  complex  insoluble 
componndK.  31i  and  44.  —  Itebaviour  of  StroDLian  lowiudii 
rc■^ffnta,  63. 

Qunniilative  eMimalion  of  Strontinii,  ii.  13. — Sepatation  of 
Sinuiiiiin  (Vom  Baryte».  14 — from  the  Alcnlie«.  13 — from  Ltme. 
]H — from  Mugncia.  2!<— from  Aluminn,  3.5 — from  Cilurfna,  311 
— from  Vllria.  39 — from  llie  oKide»  of  Cerium.  40 — from  Zir- 
cunia.  41 — from  protoxide  of  Kluneanene,  6\ — from  peroxide  of 
Iron,  61 — from  oxide  of  Zinc,  81 — from  oxide  of  Cotwh,  00— 
— from  oxide  of  Nickel,  97— from  oxide  of  Cadmium.  Ii7 — (b'ln 
protoxide  of  Lead,  lUO— from  oxide  of  Bismuth,  H)5 — from  the 
oxtrle«  oft'nnium,  IÜS — from  deutoxide  of  Copper.  1 13— frim 
oxiile  of  i^ilver,  116 — from  prnixide  of  Mercury,  133 — Trom  llie 
oiides  of  Tin,  164 — from  Titanic  «oid,  173— from  the  oxide*  of 
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Antimony,  180 — from  Chromic  acid  and  the  oxide  of  Chro- 
mium, 193 — ^from  Arsenious  acid  «nd  Arsenic  acid,  302,  204, 
and  205 — ^from  oxide  of  Tellurium,  212 — fr<»n  Selenions  acid, 
äl6 — from  Selenic  acid,  217 — from  Sulphuric  acid,  243 — from 
the  other  acids  of  Sulphur,  246 — from  Phosphoric  acid,  258 — 
from  Phosphorous  acid  and  Hypophosphorous  acid,  26S — from 
Oxalic  acid,  320 — from  Carbonic  acid,  32d — from  Boracic  acid, 
329— from  Nitric  acid,  373. 

SULPHUR,  detection  of  Sulphur  in  simple  soluble  compounds, 
i.  10 — in  simple  insoluble  compounds,  17,  18,  30 — in  complex 
soluble  compounds,  31 — ^in  complex  insoluble  compounds,  38 
and  42. — ^Behaviour  of  metallic  Sulphnrets  towards  regents, 
200. 

Quantitative  estimation  of  Sulphur,  iL  323. — Separatiou  or 
Sulphur  from  Manganese,  323  and  233— from  Iron,  223  and  237 
— from  Zinc,  223  and  236— from  Col»lt,  223  and  233-^«n 
Nickel,  223  and  233— from  Cadmium,  223~from  Copper,  223 
and  233— from  Lead,  226  and  238— from  Bismutfa,  226,  241— 
from  Silver,  227,  238,  241— from  Mercury,  227— from  Gold, 
227— from  Platinum,  227— from  Tin,  227— from  Ulaniom, 
227— from  Antimony,  228,  236,  237,  238,  241— from  Arsenic, 
228  and  237— from  Selenium,  228— from  Tellurium,  228— from 
the  Metals  of  the  Alcalies  and  Earths,  228— from  Silicates,  297 
— from  Carbon,  309,  311 — from  Carbon  and  Iron,  315— from 
Chlorine,  349,  355— from  Hydrogen,  413. 

Quantitative  estimntion  of  Hyposulphurous  acid  and  the 
Hyposulphites,  ii.  246. 

Behaviour  of  Sulphurous  acid  towards  reagents,  i.  155.— 
Quantitative  estimation  of  Sulphurous  acid  end  the  Sulphite», 
ii.  246. — Separation  of  Sulphurous  acid  from  Solphoric  acid, 
248. 

Quantitative  estimation  of  Hyposulphnric  acid  and  the 
Hyposulphates,  ü.  246. — Separation  of  Hyposnlphuric  aciJ 
from  Sulphuric  acid,  247. 

Detection  of  Sulphuric  acid  in  simple  soluble  compounds  I 
11 — in  simple  insoluble  compounds,  19,  20 — in  complex  solu- 
ble compounds,  31 — in  complex  insoluble  componnds,  38,43. 
— Behaviour  of  Sulphuric  acid  towards  reagents,  152. 

Quantitative  estimation  of  Sulphuric  acid,  ii.  243. — S^nni- 
tion  of  Sulphuric  acid  from  Bases  in  soluble  compounds,  Sil 
— in  insoluble  compounds,  243-- from  the  Sulphovinic  mi. 
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247— from  Phosphoric  aäd.  250.  264— from  Silicic  ncid,  SM— 
from  Fluorid«»,  :)-ttt— froiD  Chromie  «Id.  240. 

TANTALUM.  QukntilaUTc  etitiniauoo  of  Tutlolic  iKid.  ii.  3U3. 
— SpparalioD  of  Taolalic  acid  from  mwi  Oxides,  a03 — from 
peronidc  «f  Tin.  3Ü3— from  penixlde  of  Iron,  303 — from  Tung- 
nlic  ncid,  303 — Tram  Yttria,  30&— from  peroxide  of  Uruiiiun, 
30Ö— from  Silicic  acid.  306. 

TELLURIUM.  The  <juantltative  eaüinaiion  of  Telliirium  ix 
mostly  effected  like  that  of  oxiilif  of  Tellurium. — Separntion  of 
Tc-lluriumfrommoal  MeUls,  ii.  SlSaud  314— from  Gold,  214— 
fr«)ni  Tin.  214 — from  Anliniunr,  214 — from  .\rwnK,'.  214 — from 
ti«leinum,  222 — from  Sulphur.  228 — Irom  llydrojttii,  4IA. 

Quaatiintive  estimation  of  oxide  of  Tellurium,  ii.  213. — Sep«- 
ration  of  oxide  of  Tellurium  from  lh«  Alcaliai,  212— from  the 
Earlha,  213— from  proioitide  of  Slanganew;,  212 — from  perw 
oxide  of  Iron,  212 — from  oxide  of  Zinc,  912— from  oxiile  of 
Culiiilt.  212 — from  oxidtr  of  Nickel,  212 — from  the  oxid»  of 
Unmium,  3lS^fTum  oxide  of  Ciulmium.  313 — from  protoxide 
of  Ltud,  213 — from  oxide  of  Binniiiib,  21:) — from  deuloxide  of 
Copper,  213— from  oxide  of  Silver.  213— fix^m  pcroxidr  of 
Mercury,  313 — from  SelcniuUK  «cid,  323  -from  St'I^nic  iicid. 
222— from  Sulphuric  and,  343 — fh>m  PlKMplioric  utmI.  211. 

THORTXirM,    Behaviour  of  Thorin«  inwards  rMgenM,  L  "9. 

UN.  Hi«  <|uaiititBtire  estimutioD  of  Tin  io  ita  compounds  i> 
mwtiy  llie  suunc  us  thai  of  ihe  oxide«  of  Tin. — .Soporalknti  nf 
Tin  from  most  other  Metals,  Ii.  IG4 — from  Gold,  164— from 
Flollnum,  164— from  .\nliiiiony,  ISA  -from  Arw-nlc,  30" — 
from  Ti'llurium,  314 — from  Sulphur.  227,  233 — from  Chlorine, 
34<l,  353. 

Detection  of  protoxide  of  Tin  In  »lm|>le  soluble  compouniiii, 
i.  ä — in  »imple  inaulnhle  iximpounds  13 — in  camples  »otuhle 
compounds,  22 —in  complex  insoluhle  compounds,  3d.—Beha< 
viour  of  protoxide  of  Tin  lounrdH  rea^crats,  142. — Quuitilaiive 
calimalion  «f  protoxide  of 'Dn,  ti.  162. — bvpojatioo  of  protoxide 
ofTm  from  peroxide  of  Tin,  163. — ^The  separmlion  from  oiher 
MitntKUCC»  i^*  fthuildf  lu  that  of  the  (»croxide  from  the  same 
Buhstancn. 

DeUclioD  of  peroxide  of  Tin  in  limple  ai^uble  compounila. 
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1.  7 — in  simple  liunlulile  cnnipoiitKls,  13 — In  oompW 
coin|>ountl«.  22 — in  c»ni|tl«x  inwilnbln  compounds.  35.— Bclia* 
viour  uf  peroxide  of  Tin  luwartl»  rt-a^^ctitf.  14-1. 

Qiuintltiitlve  (Minuition  nf  pi>r»ici4oor  lln,  ii.  I(>3. — Srpan- 
li'in  i)f  prom  utile  of  Tin  from  oxide  of  Gold.  164^fn*in  nuiV 
of  I'laliiiuni,  164— from  iivroxide  of  Mcrcoryt  IG4 — frooi  vwir 
of  Silver,  164 — from  ileatoxide  of  Capper,  IfU — fVnm  oxide  ef 
Bismuth.  1C4 — from  protoxidL-  of  Lmd.  164 — front  oniile  nf 
Cjulmium,  lfi4--froni  oxide  of  Nickel,  164 — from  osid»  of 
Colwdi,  Iii4 — ^irum  odd«  nf  Zinc,  lt'>4  — fmiii  pi'mxid««  nf  ln>n. 
164— from  protoiide  of  ManganeHc,  I&4 — from  the  Eartli».  Ifr4 
— from  th«  AI«lie»,  164 — from  proloicide  of  Tin,  184— fiwn 
the  oxidesof  Antinionj-,  ISfl — from  ArM-nion«  acid  or«!  Anwiir 
acid,  2Ü7 — from  Sulphuric  »cid,  34:(— from  Pbuspbortc  ami, 
Sol— Trom  Silicic  lu-id,  300— froiu  Tantnlie  acid,  308. 


i 


TITAKHTM.    SepsfAlion  of  Titftniam  from  Sulpliur,  ü  237— 

(rom  Chlorine,  S4().  353. — Quiiniitativi!  Bstimntton  of  faxnu 
ncid.  ii.  167. — St'parntion  of  TiUijic  nri«!  from  the  o-tidn  iJ 
Tin,  \6it — from  the  oxide«  of  Mercory,  1(S0 — from  ouik  rf] 
Silvn-,   169— from  deutuxMl«  of  <'opper.   Itf9 — from  nxide  nTj 
BiMnutti,  Ui& — frum  protoxide  of  limd,    ISO — from  oxide  of] 
Cadmium.  169— fronnnideof  Cohall,  IdW— fromoxvi*  of  Aw, , 
ms — from  pmioxidL-  of  MaosoneRc.   Iß»— from  ihr  nxidn  of  j 
Iron,  170— from  protoxide  of  Iron,  171 — from  peroxide  oTIron. 
171 — from  Ziroonia.  171— from  ihe  oxid««  «if  Ceriiun,  179- 
from  Ytlrin.  172 — from  Ma;niesiii.  172 — from  Lime.  172— Frnia 
Slrontinn.  173— frf.tn   RwrylP«,  173 — from  the   .Alcaliui.  ITS— 
from  lliir  oxide«  of  Aniinioay,  181 — from  Ar^eniuiu  neid  «oil 
Ara«uic  »cid.  203 — from  Satpburic  acid,  343 — fron  RUint 
nctd,  ä9S. 

TlINGSTENl'M.  Qufinlitntive  «wtmmlion  of  Tiiiipslic  add.  ti. 
Iä7.  —  Se)>araIlon  of  Tiin^iir  acid  from  most  other  Oxui«*, 
188— IVom  the  Alcaliist  and  Fkrllie,  I8tt— rrotu  TiwUilic  nrld. 
313. 


URANIUM.     Quantitative  ciitimalion  of  the  oxidn«  of  1'niikiaBi.j 
U.   lUti. — Separalion  of  the  oxides  of  I'mnhim  froa  oxide  if 
Bismuth.  107 — from  protoxide  nf  Ijnul.  107 — from  oxide  of 
Cndmium,  107 — from  oxide  of  Nickfl,  107— from  nxitlrof  Co 
ball.  107 — from  oxide  of  /.inc.  107 — from  peroxide  of  Iron.  lOd 


INDEX:— ZINC. 

— rrom  protoxide  of  MmtKUiew;.  lOd — from  Aliiininu,  lOd— 
from  Ma^ma,  10(4 — liy)B  Lime  109— frAm  Stmnuon,  lOS — 
front  Biu-yte«,  10^— from  the  Alvaliei,  lOd— rroin  deutoxiclH  of 
Copper,  113 — from  oxide  of  Silver,  Uö — ^from  pcroiudc  of 
Mercurj-,  123 — from  the  oxidvK  of  Tin,  Iß4 — rrom  ihi;  ostdeH 
of  Antimony,  181 — from  Anwrnioiu  uid  aiid  Arsi^iiic  acid,  21ta 
— from  oxidt  of  'IVlliirium,  ÜlV— from  S^k-ftioiiK  acid,  al6 — 
from  Sulphuric  acid,  243— from  Fliosphoric  acid,  ^frl — rrum 
ToDUlic  acid,  3U5. 

YTTRIUM.  Beliaviour  of  Ytlriu  lownixl»  rcapmla.  i.  »1.— 
QuitRlitaiive  e«tiaiaUon  of  Yttriu,  ii.  39.— Seputtioo  of  Vuria 
from  Glucinu,  39— fixint  Alumina,  3»— rrom  Miigii«sla,  39— 
from  Lime,  Sit—from  Stiontiaii,  39 — from  Baryica,  39 — froio  ihc 
Alcalie«,  3I>— from  Ihe  oiidc«  of  Orliim,  4<J — from  Zirt-onia, 
41— from  protoxide  of  Miui|£iLnt!str,  46 — from  j)ernx>dc  of  Iron, 
M — from  oxide  of  Zinc,  bi> — from  deutoxide  of  Copper,  1 13 
— ^from  oiide  of  Silr«r,  I  Ifi — from  peroxide  of  Mercury,  123 — 
from  tlie  oxide»  of  Tin,  164 — from  Tiumic  Jickl,  172 — from 
Arscnious  a4-id  and  Arsenic  acid,  202  and  201 — from  Sulphuric 
arid.  243  —  from  Pbospboric  acid,  3^6 — from  TanuUic  acid, 
906. 

ZINC.  The  quaiililuUve  eNtimntion  of  l^nc  in  its  rompounds  I» 
like  thai  of  the  oxide  of  Xinc— SepAmlion  of  /iiii~  from  Sul- 
phur, il.  333  and  338— from  Oilortnv,  3A9. 

Deleclion  of  oxide  of  Zinc  in  nmple  wlublocompooQda,  i.  S — 
in  simple  insotuble  compounds,  13 — in  complex  soluble  com- 
pounds.  2ß— in  uomplcx  ioiuiluble  compound«.  341. — ^BchaTtour 
of  oxidi;  of  Zinc  towardH  rt:a^nt»,  *J3. 

Quanltuiive  eatimalion  of  oxide  of  7anc,  ii.  73. — Separalion 
of  oxide  of  2inc  from  |M.-roxtde  of  Iron,  7d — from  protoxide  of 
MosgancMe,  7fi — from  Zirrania,  K) — from  the  oxides  of  Cerium, 
ft) — from  Yllria,  80 — from  filucina.  60 — from  AInminn.  80  - 
from  Mapieaia,  W — from  Lime,  81— from  Strontian,  HI — from 
Baryte»,  81— from  llie  Aloalie«,  82— from  oxide  of  Cobalt,  8>1 
---from,  oxide  of  Nickel,  94 — from  oxide  «f  Cadmium,  S7 — fr»im 
protoxide  of  I..ead,  100 — fron  oxide  of  Bismuth,  103 — from  the 
oxidni  of  Tranium.  107— from  dculoxide  of  Copper,  1 13 — from 
oxide  of  Silrcr,  1 16 — from  peroxide  of  Mercury,  12H^frtim  the 
oxides  of  Tin,  164— from  Titanic  acid,  lfi!>— from  the  niides 
of  Antimony,  IftI  and  IM — from  Chromic  acid  and  oxide  of 
fART  tl.  (1  c 
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Climmiuin,  193 — from  the  oxiUöi  of  Arsenic,  202  tmd  SCO— 
from  ojide  ofTeUurium,  212— from  Selenioua  acid,  2!C — from 
Sdenic  acid,  217 — ^from  Sulphoric  neidi  243 — frc»m  the  other 
&cid3  of  Sulphur,  246 — from  Phosphoric  a«d,  233 — from 
Phosphorous  acid  and  Hypophosphorous  acid,  265 — from  Nilric 
Bcid.  373. 

■ 

ZTRCONIA.  Behaviour  of  Zirconia  towards  rengent»,  i.  85.— 
Quantitative  eHtimutioii  of  Kirronia,  ii.  41, — Separation  of  Zir- 
coniu  from  llie  oxides  of  C'eriuin,  41 — from  Vttria,  41 — from 
Glucina,  41  — from  Alumina,  41  ^from  Mugiiesia,  41 — from 
Lime,  41 — from  Strontian,  41 — fion)  Bafyle?,  -1] — from  the 
Alcalies,  41^ftoin  protoxide  of  Mntifranes*',  45^from  peroxide 
of  Iron,  58 — from  oxide  of  Zinc,  80 — from  dculoxide  of  Copper, 
113— from  oxide  of  SUfct,  116— from  peroxide  of  Mercury,  183 
— from  the  oxides  of  Tin,  164 — from  Titanic  acid,  171 — from 
Sulphuric  acidj  243. 


THE  END. 


C  HIS  WICK: 

FIIKTUI  IT  CHIKLU  WHimNaHtH, 
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Chromitup,  193 — from  th«  oxiJo  cf  Arsenic,  202  nnd  803— 
from  oiide  of  Tellurium,  212— from  Seleniaus  acid,  216— frora 
Seleoic  ncid,  2V7 — from  Sulpboric  acid,  243 — from  the  «iher 
acjds  of  Sulphur,  246 — from  Pboeptioric  Add,  S53 — from 
Phosphorous  ne)dandHypophosphoroDBa.dd,  265-^from  Nitric 
acid,  373. 

KTRCONIA.  Behaviour  of  Zirconia  lowards  reagents,  i.  85.— 
Quimtilfilive  cstimäticin  of  Zirconia,  ii.  41. — Separation  of  Zii- 
coniA  from  the  oxides  of  Cerium,  41 — from  I'ttria,  41 — from 
Ciluclna,  4!— from  Alumina,  41 — from  Magnesia,  41— from 
Lime,  41 — from  Stnmtlan,  41 — from  Barytes,  41 — from  the 
Alcfl.lies,41 — from  protoxide  of  Manganese,  45 — from  peroxide 
of  Iran,  öS— from  oiiide  of  Zinc,  80 — from  deutoxide  of  Copper, 
1 13 — from  oxide  of  Silver,  116 — from  peroxide  of  Mercnry.  123 
— from  tJie  oxiden  of  Tin^  164 — from  TitoDic  acid,  171 — fro« 
Sulphuric  acid,  243. 


THE  END. 


C  HIS  WICK: 

railTTUl  lY  dUKLU  HBITTIKOH*«, 
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